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PEEFACE TO THE TENTH EDITION 

Mobb than fifty years have elapsed since the late Mr. W. H. 
Cole wrote this standard work, then containing only ninety 
pages. For the last three editions I have been responsible. 
In accordance with the wise pohcy of the Publishers, this 
edition has been almost entirely recast and re-written. It 
includes modem methods demanded fay euer heavier loads 
running at increasing speeds. It deals with all gauges and 
gives examples of practice almost aU over the world, a daom 
which IS believed to be unique. 

The first chapter deals with standards and components 
of track, entering into their specifications and manufacture 
only in so far as the Permanent Way man should know why 
components differ in composition Eecent researches into 
track stresses and their effects are described. Perhaps the 
most startling innovation has been the modification of long 
standing practice by a reduction of superelevation on curved 
track, bringing with it the necessity for string lining curves 
regularly. 

The second chapter describee in great detail the operations 
required to maintain the track to a high standard, with 
particular attention to Safety First m the proper use of tools. 
It is probable that Engineers and Inspectors, in these days 
when job analysis is necessary, may disagree with some of 
the methods, but they may well consider whether their 
practices in particular circumstances may not be improved 
after a comparison. 

In the third chapter the organisation of Belaying or 
Eenewal of track precedes the organisation of Laying. The 
mileage of new construction has slrunk to a small figure and, 
indeed, many miles have been abandoned owing to the com- 
petition of other forms of transport. 

The fourth chapter deals with Points and Crossings to the 
extent to which an Inspector should understand this im- 
pcartant subject. The Theory has been much simplified. It 
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is shown that Cole’s Method is a particular case of the usual 
method by which the turnout curve is made tangential to the 
switch and the crossing. The cross-distance is not often or 
necessarily the track gauge, the springing or origin of the 
curve being offset from the gauge line. A French development 
which continues the curve beyond the nose of the crossing 
will be foimd of interest. Wholly curved tongues as used 
on the Great Western Railway and in France are described 
Other mathematical calculations are collected in the fifth 
chapter including those necessary for string lining and for 
other problems connected with curves, and with points and 
crossings. At the same time practical considerations are 

f lven full weight. One major error has been corrected. 

he track gauge formerly taken in certain calculations should 
have been the centre to centre distance of rails. 

Some of the new matter has been derived from discussions 
with fellow members of the Permanent Way Institution ” 
at meetings and conventions. Special thanks are due to 
Mr. Raymond Carpmael, Chief Engineer of the Great Western 
Railway, to Messrs. Rendel, Palmer and Tritton, for recent 
Indian practice, to Messrs. Livesey and Henderson, for 
Argentine practice, to Mr, Foxley, of the Oowm Agents for 
the Colonies for Colonial practice, and to other friends and 
correspondents who have kindly criticised or have supplied 
information. 


GORDON HEARN. 
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COLE’S PERMANENT WAY 

CHAPTER I 


STANDARDS OP TRACK 

X. — Definition of Pennanent Way. 

The permanent way (Fig 1) consists of rails, fastenings and 
sleepers, bedded in ballast, to be distinguished from the 
temporary lines laid down during construction for the carriage 
of materials, etc., above formation level. 

The standards of permanent way are being subjected to 
the closest study in every detail, owing to the demand for 
higher speed with heavier loads. The stram induced in the 
track is very great, so that the materials used and the main- 
tenance of the track both require to be of the highest standard. 
Economy demands that wear should be resisted, so that rough 
and ready methods of maintenance are no longer adequate. 
It may be said generally that the standard of Permanent 
Way lags behind increases in axle loads and speed. 

.^y^—Gaxise and Structural Dimensions. 

The normal gauge of the track is the distance between 
the running edges of the two rails on the straight, for it may 
be widened on curves. Many different gauges have been 
adopted. Many “ battles ” have been fought over the relative 
advantages, and possibly countries now committed to a narrow 
gauge would prefer to have railways on a broader gauge, 
while other countries suffer from breaks of gauge. The first 
cost has usually been the determining factor, but some coun- 
tries have converted a wide gauge to a narrower gauge on 
account of the cost of extensions into more difficult country 

B 1 
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ajid the desire to avoid duplication. The gauges (but by no 
means all) and the highest standards adopted in many 
coimtries are detailed in Arts. 16 to 20. It is not likely that 
extensive conversions of gauge will now be undertaken. 

The broader gauges are usually the older gauges but they 
have been hampered by want of foresight in fixing the 
Structural Dimensions (such as Appendix A), to which the 
Permanent Way Inspector must continually pay great 
attention, in slewing and lifting the track. This is particularly 
necessary on curves, owing to overhang. At times specially 
wide loads may be carried and he should be aware of any 
spots at which trouble is to be apprehended. On some rail- 
ways special vehicles are run over all the running lines, with 
frames and wooden fingers which will be broken off by 
contact with those obstructions, which encroach on the limit 
of Struotiaral Dimensions. 

— ^Icoii and Sted. 

It is desirable to have a working knowledge of the materials 
used in components of track in order to appreciate why they 
are adopted, and also what weaknesses to look for in main- 
tenance of track, whether they are due to difficulties in design, 
or to manufacturing processes. 

Don is foxmd in combination with chemical components, 
the leaist harmful of which is osygen, which produces rust 
(iron oxide), while sulphur and phosphorus may be very 
harmful. A blast furnace is used to smelt the ore and the 
molten iron is tapped and run into trenches in a sand-bed, or 
machine cast, as “ pigs.” The product (it may almost be 
termed a bye-product, for many other substances are collected) 
is graded. It may be re-melted and mixed for castings, 
usually chilled for railway purposes, or may be converted 
into ateel. (ki>st iron can bear only n limited |ri;r^ in tension 
and reg^db:<^ groats ihioksstem, whidi ad^ 'to the w^ht, 
hut it is not so Uahb, to rusi^jiiBid to lose aemjt 
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Wrought iron, with only 0*1 to 0*2 per cent, of carbon, is 
made by puddling. Rails of this material may still be found, 
but it is little used for permanent way materials now, being 
replaced by mild steel, with 0*3 to 0*4 per cent, of carbon. 

Steel was produced by the Bessemer process in 1856, by 
blowing a hot blast of air through a converter charged with 
molten pig-iron and no scrap steel. It is a quick process, 
an 18-ton converter producing 60 tons an hour. The original 
process used an acid lining, but, in 1879, basic material was 
used, in the process of Thomas and Gilchrist. The acid 
process is regarded by British engineers as more^^certam, and 
as producing the hardest rail with equal carbon content and 
with less liability to flow of metal than open-hearth steel. On 
the Continent, the basic process is generally used and the 
rails are considered satisfactory. 

The open-hearth process was introduced in 1868, to utilise 
WTought-iron scrap, after the Siemens regenerative furnace 
was devised in 1861. It was modified later by Martin, and 
now steel scrap is used. Tilting furnaces are used, and these 
may contain 250-300 tons of charge. The linings again are 
either acid, or basic (1888). Analyses have to be made but 
research has shortened the time required. Blectrio furnaces 
are used on a smaller scale, the largest furnace in 1936 having 
a capacity of 30 tons only. In aU these processes the molten 
steel is poured into moulds to cool as ingots. 

If a rail, and certain oiflier components of track, be examined, 
there will be found the letters B.A., B.B., O.A., or O.B., indicat- 
ing respectively Bessemer Acid and Basic, Open-hearth Acid 
and Basic. Most British rails are B.A. or O.B., although O.B. 
is not so hard as O.A. The month and year of rolling, the 
w^ht per yard and the manufacturers’ mark, will also be 
found on Ihe web of a rail. 

Increased carbon content increases the tensile strength of 
steel up to 0^ per cent., when steel becomes brittle, the 
ductility, as thown by iricmgarien mtedOr tenskm hjt a testing 
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machine, steadily being reduced. Addition of manganese 
and silicon increases toughness and resistance to wear. A 
medium manganese steel may contain 1 *70 per cent., and high 
manganese steel as much as 20 per cent., but this is usually 
cast. The addition of rarer elements appears imjustified. 
Chromium in mild steel reduces corrosion, and so does copper, 
an expensive element at present prices. All alloy steel is 
improved by heat treatment, designed to distribute the 
elements evenly, or by controlled cooling. 

For other components of track, absence of exposure to 
abrasion demands a different composition to that of rails. 
Fishplates and bolts must have a high tensile strength vrith 
more elongation, while steel sleepers are made of a very mild 
steel. This is very liable to rust, except in a very dry climate, 
where perhaps salts in the soil have a much worse effect. 
An addition of copper, say 0*5 per cent., reduces this tendency 
by perhaps 26 per cent., except in tunnels, also where rails 
are exposed to dripping of brine from refrigerator cars. It 
is probably more effective to spray the web and the base of 
the rail with oil contaimng an^asphalt base, 

— Bails. 

The following terms will be used in descriptions of the 
section of a rail : 

The TcMe is the top surface of the Head^ which is rounded 
off at the edges, and curved on the top. 

The Face is the vertical side of the head. 

The PFe6 connects the head to the Fmi or Bottom^ that is, 
the lower flange. In B.S J. flat-bottomed types the web is 
battered. 

The Fiehing Flams are the sloping surfaces from the face 
to the web and to the top surface of the foot, differing in 
B.S.I. types. 

The composition of the rail steel is the province of the 
metafltnrgist in oonsxdtation with the manufacturer, who is 
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responsible for the rolling, but the Chief Engineer will be 
guided by reports from the Permanent Way staff on the 
behaviour of the rails in the road. High tensile strength is 
required, from 44 to 62 tons per sq. in. with an elongation of 
10 to 12 per cent., and a working stress of 14 tons per sq. in. 

A modem steel rail is a continuous girder, supported by the 
sleepers, and is designed to resist tensional stress m the foot 
and compressive stress in the head. Hardness to resist 
abrasion and wear must be a very important factor, provided 
that the other two factors are not unduly reduced. 

The Bull-headed rail (1868) has displaced the D.H. It is 
rather flexible laterally, but the strong lateral support given 
by the broad-based cast-iron chairs is of great advantage in 
sustaining the shock and vibration of modem axle-loads and 
high speeds. The head contains more metal than is required 
for compressive stress, see Report 9/1935 of the B.S.I. and 
Table I. Continental engineers admit that a B.H. rail 
(Kg. 6) is ideal, but the cost is too high for them. 

In 1836, Vignoles designed the flanged or flat-bottomed, 
or flat-footed rail (Kg. 2), which is in general use all over the 
world, even where speeds are high and axle-loads heavy in 
the United States. It can be supported direct on wooden 
sleepers, but, unless they are of hardwood, a bearing plate is 
used to distribute the load over the fibres of the timber. 
The spike fastenings are apt to work loose, until sometimes 
they may be picked out with the fingers. Since high speeds 
necessitate an increase of speed on curves, it is a serious 
protfiem whether fastenings to E.B. rails will continue to be 
adequate to resist side pressure. On the straigh% also, loco- 
motiyes have a tendency to “ hunt ” or “ nose ” along from 
sWe to side, causing side pressure. Figures taken from 
il^^ort 11/1936 of tihe British Standards Institution will be 
fbund in Table H. It will be noticed in Kg. 2 that the web 
is battered Mwaacds. 

The isflil' is hm fibadble Ukmify lluiill'Sr 'BMi.' ralii 
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The head contains less metal, in proportion of total weight, to 
that of a B.H. rail. In order to obtain equal sections in the 
head a B.S.I. 110 lb. F.B. rail is matched with a 96 Ib. B.H. 
rail on experimental lengths of the L.M.S. Assuming that 
equal wear of the head will condemn in both oases, much more 
weight will be scrapped in the F.B. rail while the cast iron 
chairs of a B.H. track can be utilised again or a large pro- 



Fig. 2 . 


portion can be remelted and recast. The foot of the 
rail is wide, usually nearly as wide as the height, so that it may 
be laid on wooden sleepers direct with greater bearing area, 
but the foot could be reduced in width considerably, with a 
rather greater Moment of Inertia, for laying on oast iron 
chairs, bearing plates or steel sleepers. 

The Moment of Inertia of a rail is the sum of all the areas 
in the section multiplied by the square of the distance of 
each area from the neutral axis of the section. The section 
modulus is this Moment divided by the distance from the, 
top of Hie rail head to the neutral axis, and therefore is in 
oobiti^lviahee (Table II). 
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All alteration to the usual section was made in the Head 
Free Rail. The lower comers of the head were cut away, and 
the metal thus saved was added to the top table, making the 
whole rail stiffer, and able to stand more abrasion. Abrasion 
on sharp curves was fotmd to be less, but the rail appears to 
have gone out of production. 

Both the l ength and the weight of rails may be affected by 
manufacturing considerations The steel from the furnace 
is cast into ingots to cool until it solidifies. The dimensions 
of the ingot depend on the total weight of the rail. During 
cooling various impurities come to the surface, and the top 
third is usually considered to be less sound. The ingot is 
reduced in section in a “ blooming ” roll, cropped at both ends, 
more being taken from the top, and cut into workable lengths 
or “ blooms,” the top one of which is longer to allow for a teat 
piece after rolling. Each bloom may make about three rails. 
One hundred and eighty feet of 100 lb. rails can be obtained 
from a 3-ton ingot, or eight 39-ft. 100 lb rails from a 6-ton 
ingot. 

The bloom is passed slowly forwards and backwards 
through a series of rolls, which reduce the section gradually. 
The number of passes should depend on the time in which the 
rail piece cools to a temperature below which no tendency to 
develop a coarse grain will persist. If the head cmshes tmder 
traffic, insufficient rolling will be indicated. Nowadays not 
nearly the amount of rolling is put into the work done on the 
rail as in the past. The finishing roll turns out the final 
section, and at the same time stamps on the web in raised 
lettens the information mentioned in Art. 3. The top end 
of tibte ingot has been carefully watched throughout the pro- 
cess, and a discard is taken from the leading nul piece. In 
addition the rail which has been made from adjacent metal is 
maiked with a star. Some railways demand that each mil 
length 8h<^ be marked in alphabetieal (Mdar, a» A rail 
ooBfflidwBd to be fern reliable. A hemf 
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contain a larger proportion of A or starred rails, and may 
receive less rolling. The discard from that rail piece which 
came from the top part of the ingot must include a five-feet 
length to be submitted to the tup test. Not less than 9J 
per cent, of the ingot weight is specified for crops and discards. 

The cost of a set of rolls is high, about £3,000, while the 
cost of setting them up and of storage must also be taken into 
accoimt. After rolling a certam number of tons the rolls 
have to be refaced. It is desirable that a set of rolls may be 
just worn out in compl 3 dng with an order. 

The rails, while hot, are laid on hot benches. Uneven cooling 
of the rail section, more apparent in F.B than in B.H. rails, 
causes them to become cambered. In straightening, when 
the rails are cold, a set of rollers is preferable, because local 
pressure in a “ gagging ’’ machine may set up stresses, a 
point to remember if using a jim-crow.” The ends are 
preferably machined to disclose piping in the rails. Contracts 
admit of a certain proportion of short rails, out from those 
defective at the ends only. Generally these are three or 
six feet short, but for laying on curves some railways accept 
rails three inches short. No tolerance should be allowed in 
the rail section at the ends if they are to join properly, but 
elsewhere may be inch. The fishbolt holes may have a 
tolerance of ^ in. in size and position. They are better 
drilled than punched. Rails for use in manufacturing points 
and crossings are specially inspected and marked. 

The starred ” rail is marked with one star on the machined 
end of the leading end and with another on the side of the 
head near that end. Arrows are stamped on the web by the 
finishing roll, and in double track the rail should be laid in the 
direction indicated, so that the starred end shall be on tho 
taking-off side of the joint. They should not be used on 
curves, or for points and crossings. Similarly circles are 
marked on the side of the rail which came from metal nearest 
tte bottom of the ingot. 
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The ordinary method of production described may be varied 
by some method of heat treatment. The head can be quenched 
in water. In the Sandberg process the head is treated, while 
still hot, by a water spray blown on it and afterwards cold 
dry air. Thus SOT]Mt©,_to a depth of J in. in the head, is 
developed in the steel structure with increased tensile strength. 
Another Sandberg process is cont rolled oooliog, with or with- 
out “ sorbitising,” particularly valuable in higher carbon 
steel. 

Rail ends may be treated to reduce batter, either in the 
track or in the mill, since batter may begin before hardening 
gangs can get to work. The rail ends are reheated and the 
ends quenched. The heat in the rest of the rail causes the 
toughness to merge into softer steel. There is also an anneal- . 
ing process, reheating the rails- and replacing them on the 
ban^ to cool. T3us is called “^normalising^’ and it reduces 
internal stresses due to the rolling. Heat-treated rails show 
superior resistance to fatigue tests. 

Ohemical and physical tests for rails are given in Reports 
of the British Standards Institution already referred to. They 
vary for different processes of steel manufacture. The most- 
important physical test is considered to be the behaviour i 
under a falling “ tup ” on the head of the 6 ft. piece out ' 
from the top end discard. If this fails, the starred rail is 
subjected to the test, and, if that fails, all rails made from the 
heat are rejected. The test piece is supported on a specified 
^vil, head upwards. In order, however, to disclose a rolling 

£ fect of a “ hip ” or fold in the steel structure at the junction 
the web and foot of S’.B. rails, a pendulum weight is swung 
jainst the lower edge of the side of the head of a 2 in. 
length wli^ the foot clamped down. This test may not 
ditedose aQ the “ laps,” and failure may occur during unbadiag 
over the sides of wagons. On the Ckmtinenet of Sur<^ a 
b«ndii^ lN«t is to 
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number of joints per mile is reduced. If the rails have to be 
shipped overseas, and handled by relatively weak labour, or 
if the weight per yard is great, a moderate length is preferred. 
The lengths are always in yards or metres. Some details 
are given in Art. 16 to 20. 

The rail weight to be adopted depends on many factors. 
The stiffness, strength and durability are all to some extent 
dependent on the number of sleepers laid to a length, on the 
nature of ballast, on the amount and weight of axle-loads 
passing in a given time, and of the speeds of operation One 
railway in the United States, after a study of all these con- 
ditions, arrived at a section which weighs 137 lb. per yard. 
For speeds up to 60 m.p.h. five pounds per yard per ton of axle- 
load is on the safe side, if the sleepers (N) in a rail length num- 
ber not less than the number of yards plus one. For speeds 
of 60 m.p.h., and over, and rails weighing over 100 lb., four 
pounds per ton per yard of axle load will sufftce if the number 
of sleepers is N-f-4. No rule can absolve &om endeavouring 
to keep the track up to a high standard, and, if all endeavour 
fails, to draw attention to the fact, or to impose a restriction 
of speed. 

The weight of rails in tons per mile is approximately equal 
to the weight in lb. per yard multiplied by 11/7. A small 
addition is made for cutting mils and for imprest stock. 

6 , — Check and Third Bails 

Check rails are held to the inner rail of a sharp curve, or 
to the rail opposite the nose of a crossing, a nd sometimes have 
to be used if the tnmopt nTir.v5ft.Js-«ilmqp- They are a pre- 
oaution aga^t derailment and also reduce the wear on the 
outer rail of a curve. They should commence and end 60 ft. 
beyond each end of the curve. They must allow the 
wheel flanges of a long rigid locomotive wheelbase to pass 
betwesn the rail and the inner rail. The table of ihe 

mSi shoiilid stand s^hti^ higher than that of the ionimr niA 
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The wear on the check rail will be entirely on the side of the 
head, and the width of table can be reduced. The advance 
of the joints of the check rail on a curve must be taken into 
consideration, and they are better staggered so that joints do 
not come opposite the joints in either outer or inner rails. 
This may require revision of the sleeper spacing. The G.W.Rl 
of England uses check rails on curves of less than 660 ft' 
radius. On the broad gauge m India the limit is 716 ft., and 
.409 ft. on the metre gauge. 

The B.H. chairs must be double (70 Jh in weight) to carry 
the check rail, and in British practice no tilt is given to the 
check rail. In F.B. track the width of the rail foot is often 
greater than the width of head plus the clearance allowed, 
and a specially rolled section of rail may be required, or the 
foot of the check rail has to be planed. If the check rail is 
held to the inner rail by distance pieces and bolts through 
holes drilled in the webs of both check and inner rails, the 
spiking to wooden sleepers may be done inside the check 
rail and outside the inner rail to which it is attached, but, if 
bearing plates are used, they must be specially wide. Special 
cast-iron and steel sleepers must be devised to carry the check 
rail. Clamps also are used to connect the two rails at intervals 
about 8 in. apart, after the inner rail has been fastened down 
on a bearing plate. 

^ tod rails are used to conduct the current to be picked up 
by contact shoes. They are of F.B. section up to 150 lb. per 
yard, and are carried on insulators several sleepers apart. 
Between stations they are bare and introduce special problems 
in track maintenance. Within station limits they may be 
guarded by wooden boards on both sides. The rails should 
be of very mild steel, and as near pure iron as possible. 

raila. o f I car channel seotimi at level crossings can 
be hfiki to ^ rormh]^ rail damps dmilar to those used 
with ^hedk, j^ails, pr tsiMtSasiB, <st bj^ distance pieces with 
bdllB tiM«^ both lelK 
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6. — ^Bail Joints. 

The rail joint (Fig. 2) has to fulfil two requirements, as far 
as possible. It should be as strong as the rail, and it must 
permit of expansion and contraction of the rails (see Art. 28). 
There are two general t 3 rpes ; the su^j^nded, which depends on 
the fiishplates for their strength, and the supported, by using 
a plate across the joint sleepers under the rail, or a sleeper 
directly under the joint. Some sftl^ended joints have a 
strength only 30 per cent, of that of the rail. 

The behaviour of fishplates under a rolling load across the 
joint space deserves examination. As the load reaches the 
sleeper space before the joint sleeper, the rail, as a contmuous 
girder, must bend and raise the end at the joint. The receiving 
rail is under no load, but the end is raised by the fiishplates, 
which assume a slightly convex sh ape (top in tension on the 
receiving side). Just as the load reaches the gap at the joint, 
the taking-off rail, acting as a cantilever, is bent down, and 
the plates assume a concave shape (top in compression on the 
taking-off side). The receiving rail is stiU under no load and 
tends to keep up, thus receiving a blow on (or near, if plates 
are new) the end of the table. This blow can be heard and 
the speed can be determined by the number of blows heard in 
a minute. As the load runs on to the receiving rail the end 
of that rail becomes a cantilever, and the taking-off rail is 
relieved, although, under a very short bogie, the end may be 
again bent up. The fishplates are still concave (top in com- 
pression on the receiving side). When a single load reaches 
the sleeper space beyond the joint space, the plates become 
convex (top in trasion on the taking-off side). These will be 
the shapes assumed if the road is well packed and there is no 
** dancing ** of the sleepers. 

M, i^o^ver, the joint sleeper on the receiving side is not 
pa^l^d pr insuffiloiently drained, the effective joint span 
to the second steeper from the joint. The taking-off 
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rail 'trill bend more aa a cantilever, and stresses trill be higher. 
The top of the fishplates trill be partly in tension and partly 
in compression imtil the load reaches the sleeper beyond the 
joint sleeper, but the point of revers al moves, flaam the near 
to the far side of the gap in the rails. If both joint sleepers 
are insufficiently packed, the fishplates are concave through- 
out, the top being in oompression on the taking-off side, until 
the receiving rail is loaded. Should both sleepers next to the 
joint sleepers be insufficiently packed, the fishplates will be 
first convex, then concave, and then again convex. 

There will also be a transverse movement of the plates. 
When the load is directly over the joint the lower part of the 
fishplate moves towards th© web of the rail and the upper part 
of the plate away from the web. When the load is on one 
side or other of the joint a reverse action takes place. Thus 
there is abrasion along the fishing planes and eventually the 
bolts become loose. Finally, one fiishplate may be drawn, 
by tightening the bolts, into contact with the web and loses 
its effectiveness. This must be watched. If one bolt is 
tightened, it may cause others to become loose, and therefore 
all should be tightened, but contact between a bolt and the 
fishplate may damage the thread and make tightening im- 
possible. This may be remedied by using a longer bolt ■with 
a spring washer which will not damage the thread. Spring 
washers, spring oo'ver-strips, or lock-nuts will not keep the 
bolts tight indefinitely. The washers should not be com- 
pressed completely. 

figeat deal of “ working ’* occurs in a suspended ioin^ 
^ adowed in the fishplates, but th^ibeoome 
w<«nv about 6 in. firom the oeniae on the receiving side 
and 3 in. ‘on the taking-dff side. The wear is greater on 
dde, and is at the top of the plate at both ends 
an^at hottnon &u Idle icsiddle. ^Hhe Psmn^lvania Hailway 

plidlss itetesducliig 
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by cracks from the top fishing plane downwards at the gap 
in the rails, where the metal of the fishplate may actually 
flow into the gap, ^The underside of the rail head also becomes 
worn near the rail ends, and the rail outs into the top of the 
fishplate. The receiving rail end becomes battered and the 
metal flows. The reactions in the rail joint described above 
occur in double track. In single track, where the trafl&c passes 
in both directions, every rail end becomes a taking-off and 
receiving end. 

Mshplates of the same section throughout their length can be 
rolled similarly to rails, sheared and drilled. The rolls require 
frequent dressing. Plates which are swelled out at the middle, 
or are otherwise of unsymmetrical section longitudinally, must 
be drop-stamped or pressed in a nfjming press. Drop stamping 
is used iu giving a camber to worn plates before replacement. 

Steel for fishplates in a suspended joint must have toughness 
and ductility. Heat treatment and quenching in oil improves 
the first quality, but it reduces the elongation. It reduces 
the tendency of fishplates to develop cracks. The B.S.I. 
Report No. 47/1928 specifies two classes of steel, the limits of 
tensile strength being 28 to 42 tons, with elongations of from 
20 to 22 per cent. A Class A flanged fishplate for F.B. rails 
must have the flange sheared ofE and be then bent cold through 
180 deg. while the flange must stand being bent upwards 
through 45 deg. 

The specificatio n for fi sh bol.t3.and nut s i^ s t ill N o. 64/1913. 
The characteristics of the steel are nearly the same as for 
fishplates, and testpieoes must be capable of being bent cold 
round .a bar of equal diameter until the sides of the pieces 
are parallel without sign of fracture. Nuts are tested for 
resistanoe to unscrewing. Finished bolts and nuts are dipped 
into linseed dU. The tolerance in diameter is sS over, 
and ^ in. under. It is unnecessary to submit bolts to a 
tension of over 20,000 lb. per sq. in., but heat-treated bdlts 
ean, stand 26,000 lb. 
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A fine thread bolt is less hable to slacken by the “ working ” 
of the fishplates. Shorter spanners, however, must be used, 
otherwise there will be a risk ofstripping the threads. Possi- 
bility of excessive shear stress should be taken into account 
in obtaining mechanical nut-screwing machines. Square 
nuts are perhaps easier than hexagonal nuts to engage with 
the spanner. 

The design of a fishplate should take account of the wear 
of the rail table and the consequent lowering of the wheel 
flange into possible contact with some part of the plate, before 
the rail becomes condemned. Since rails will probably be 
used to the limit in sidings after replacement in running tracks, 
this is a point of importance. 

The simplest form of fishplate m section is the one used 
on bull-headed track of British railways. It is normally 
18 in. long, fiat on one side but bevelled on the other, 
and this is the side to fit to the rails. The bevels are to the 
angle of the fishing planes on the under side of the head and 
the upper side of the foot, and the angle of intersection of 
these planes is usually 28 deg. The holes for fishbolts are 
made pear-shaped so that the bolts, with a similar shank, 
shall not turn while they are tightened. 

The fishplate may be angular in section, thus providing 
more metal to resist tension, although the neutral axis is 
lowered. They are less likely to jam than those of symmetrical 
section as they tend to separate under the load. The turning 
of the bolt is prevented by a channel in the section. The 
height between inside edges of the bevels must be sufficient 
to prevent the inside of the plate touching the web of the rail, 
and thus restxiotiz^ the expansicm and contraction. Theo- 
retioaUy, ihe work done by temperature changes in a rail, 
firae to expand, tdiould be equated to the vrork done in over- 
coming fidoMym between the cad ^ fish|fiat«s at the 
fidilBg pliNti, wffl depead on tenaim in tim 

An ciaiwdd not be filled igpidde ddwn, lip 
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benefit of the additional metal in tension is lost It is im- 
possible to do so with B S I., F B. rails, because the fishing 
planes have not the same inclmaiion. 

Long fishplates wdth six bolts were used at one time, but 
these had the effect of lengthening the span between sleepers 
at the joint, and of restricting expansion. In some cases the 
plates were slotted for spikes and carried at the ends on the 
jomt sleepers, being in fact supported jomts. For B H. 
rails, the latest design uses short two-bolt plates, only 9 in 
long, thus shortenmg the span at the j*oint with little 
resistance to expansion. The L M.S. uses these plates, 
except on curves over 2 deg., where 18 m. plates are used 
The chevron joint on the Midi section of the French National 
Railways has 8| in. plates cambered vertically, with contact 
along m. at the top and for IJ in, at two places at the 
bottom, and with two bolts only. The joint span is 16 in. 
centre to centre of sleepers. A short span is desirable in 
every way. 

In another design for a four-bolt joint, the plates are 
splayed outwards at the ends. The two outer bolts thus 
draw in the plate ends with a clamping effect, tendmg also 
to keep the nuts tight. One plate of a pair is cambered with 
greater thickness at the centre. In another design the outer 
plate is deeper and projects slightly above the head with 
gentle ramps, so that it may carry the outer part of the wheel 
tread and reheve the rail ends. 

A scarfed (Brogden) joint has been revived, the end of the 
rail being curved like an S. This requires special machining 
of the ends. 

To fish together rails of differing section, combination or 
compromise fishplates are used. These plates at one end 
have fishing planes and bolt holes to fit the heavier section 
of rail, while on the other end they fit the end of the lighter 
raO. Thus the bolt holes in the plate are at different levels 
and spaoiogs. Since the width and depth of the rail tables 
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differ, there is a vertical ead set in both plates and a horizontal 
set, which is greater in the outside plate. These plates are 
relatively weak and should be used only temporarily in main 
tracks or should receive special inspection. 

To fit a combination fishplate the rule is to stand in the 
centre of the track facing the joint and to fit on the near 
side of the joint that plate of the pair which has the smaller 
horizontal “ set,” and wiU bring the two running edges into 
line, while fitting the two sections to be jointed. The deeper 
portion of tbiH plate fits the heavier rail, but if the two rails 
do not differ much in section the distmction is not so easy. 

The supported joint is the earliest form, with oast iron 
fishbelly short rails, and meets a demand for greater strength 
under heavy loads, while the fishing need only resist side 
stress and keep the rails in lino. Joints have been designed 
which are claimed to be fully equal to the rail in strength, and 
to carry 60 ton axle loads at 100 m.p.h. They may be as 
long as 44 in. over three sleepers, or 28 in. over two, carried 
on longitudinal bearing plates. In Germany the joint may be 
carried on two wooden sleepers placed together, or, in steel 
sleeper track, on a special double joint sleeper. A rail-free 
cast iron pot or plate joint sleeper for Indian Bailways is 
described in Art. 10. Supported joints require measures to 
restrict creep. On curves their use leads to some complica- 
tion on account of the advance of the inner rail and the joints 
should be staggered, that is, placed about the centre of each 
alternate rail. 

Bails of standard length have been welded toother into 
considerable itengths. Considerable quantities of good ballast 
are qaed, extending to 2 ft. beyond the ends of the sleepers, 
and 2 ft. ih depth at the ends. The sleepers are medianioaUy 
IMuficed, and special attention is paid to drainage. No 
frouhle with “ ore^ ” has been expeaejaneed. 

On elsqliiiSisd with fibre jx whalebcme 

retpiimit lit#'' i ahaifi b# ik<om edge of 
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the fishplate, where it butts against the under side of the 
rail head and the top of the foot. Rail bonds are inserted 
in holes drilled in the rails on either side of the joint. Alter- 
natively, copper wire may be welded to the rails. If any 
repairs are likely to affect the insulation or bonding, the 
Signal Department must be warned. 


7. — Sleepers. ^ 

Longitudinal sleepers are practically obsolete, except along 
ashpits and inspection pits. It is not economic in modern 
conditions to obtain scantlings of 12 to 14 in. by 7 in., with 
a minimum length of 22 ft , as used, with 60 lb. rails, on the 
Great Western of England by Brunei, with transoms at 
distances of 12 ft. Transverse sleepers are laid parallel on 
straights and, as far as possible, radial on curves. They are 
made of timber, soft and hard, of steel, or concrete, or may 
be articulated with elements of cast iron or concrete to carry 
the rails, the elements being held to gauge by steel or wrought 
iron ties. Probably wooden sleepers make the best road for 
high speeds, and cost less to maintain, but the supply is 
limited, and every care of them should bo taken. 

The number of sleepers to a ‘‘ must be limited by 

the minimum distance between the sleepers required to pack 
them properly. This distance is 10 in., but it is usual to 
space them wider apart, except near the joints where they are 
given a closer spacing. One sleeper a yard, with one or more 
additional to the panel to allow for joint spacing, may meet 
the stresses in the rail resulting from heavy trains running 
at high speeds, but may be insujBScient to spread the load over 
a weak formation (Art. 13). One railway lays 24 to the 39 ft. 
lengths. In turnouts the normal spacing is reduced. 

B.— Wooden Sleep^m. 

A wooden sleeper has many advantages. Beasonable in 
we%ht, it can be easily handled, its shape makes it pack well 
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for transportation, and when laid in new track it will support 
the load temporarily before it can be finally bedded, although 
f.Lin should be done as soon as possible, before the rail becomes 
deformed seriously. Even if metal sleepers are to be used 
at a later stage, it is advisable to lay wooden sleepers at first. 
They have considerable elasticity, a factor in smooth running, 
n.r>H the sides are adapted to anti-creep appliances, while 
the whole side, when bedded in the ballast, offers resistance to 
rail movement. The gauge can be widened on curves without 
any complication of design, although the grip on the fastenings 
steadily deteriorates. A now section of rail can be laid by 
re-adzing the seats and using a different bearing plate. On 
hand an untreated wooden sleeper is specially 
liable to physical decay and to crushing, or even breaking, 
under the rail seat, and its scrap value is small. 

The sleeper should be laid with heartwood downwards. 
Sapwood decays in the ballast, and is more liable to damage 
with beater packing. If the sapwood is on the top it seasons 
and dries out, whereas the heartwood cracks radially. 
Once these cracks extend beyond the treated zone decay is 
admitted. The annual rings of a sleeper throw off the water, 
and arrest physical decay which extends from the exterior to 
the interior, until a treated shell only may remain. 

The British Standaards Institution Report S89/1935, 
classifies timber under softwoods and hardwoods, which are 
undoubtedly desirable tuider the much heavier loads now in 
use, but they take longer to grow and are subject to greater 
competition for other uses. 

The cross section of wooden keepers must to some extent 
depend on possible bending moment under a load, but if the 
rule, to pack cmly for a certain length under the rail, be strictly 
observed t&en they can oialy be subjected to oomporession 
at the rail ^t and fid! by decay oar by deterioration of the 
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parts packed acts as a tie, and is, of course, much too strong, 
but it has another part to play, with the ends. The sleeper, 
especially if anchors are applied, has to take its share in resist- 
ing movement of the rails, and also to prevent lateral deforma- 
tion of the track. If the sleepers are closely spaced, more 
than one carries load, and this must be taken into account. 
At rail- joints British practice increases the width of those 
on either side of the joint, but this is unusual elsewhere. 

Bridge sleepers for use with open top girders are made 
exceptionally thick and are laid at closer intervals so that the 
wheel of a derailed vehicle may not drop too far. On the 
narrower gauges with smaller wheels they are spaced still 
closer A minimum thickness is prescribed to meet this 
contingency. They are held down to the plate girders by 
hookbolts and the length must take account of this. 

Sleepers for use at turnouts become exceptionally long as 
the two tracks diverge, the longest being laid under the cross- 
ing, These sleepers also are exceptionally wide, and are 
consequently costly, 

short supply of timber, every inch which can 
be saved in the length of ordinary sleepers becomes of im- 
portance, provided that the risk of splitting from the spike- 
holes to the ends is avoided. Fifteen inches should be suffi- 
cient to prevent this, so that the minimum length should be 
the gauge plus twice the rail base plus 30 in. Narrow gauge 
sleepers have a longer length in proportion to gauge, but the 
supply is not so difficult because more sleepers can be out 
from a younger tree. Theoretically, if the whole length is 
packed on narrow gauges, the lengths become ,6 0 im 

for 3 ft. 6 in. gauge, 6 ft. for the metre gauge, and 4 ft. 8 in. 
for the 2 ft. 6 in. gauge, in order to resist the bending 
momeui^. 

The economic production of sleepers from the tree is im- 
proved fay making the width in oross-seotion twice the depth, 
a tree of 14 to 17 in. dia., two sleepers of 10 in. by 6 in. 
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section can. be obtained, and from a tree of 29 to 30 in. dia., 
eight sleepers, allowing for shrinkage and for “ saw 
When sawing for sleepers of different sections it may not always 
be possible to get symmetrical gram. If a sleeper be examined 
at the ends it will usually be found that the rings, which repre- 
sent the annual growth of the tree, are in the form of an arch. 
It is considered the beat practice to lay the sleeper with the 
innermost rings, the oldest heartwood, downwards. Those 
sleepers which do not show this formation must be studied 
with a view to discover which of the broad sides is composed 
of the hardest wood. If distribution can be arranged, it is 
better to use hardwood sleepers on the curves, and softer 
woods on the straights. 

Of insect pests the termite (neither “ white ” nor “ ant ”) 
is the worst in tropical countries. It works in gaUeries^ jof 
nmd which it brings up from near the water level. If tho 
ballast is clean and has good interstices, the formation of the 
gn.Pflrif>s is made difficult and vibration of traffic destroys 
them. 

After wooden sleepers have been town, or sawn, they should 
be air-seasoned in stacks formed in several ways, but no sleepers 
in any layer should touch one another. Seasoning in close 
is not only slow, but may also encourage fungous growth 
near the bottom of the crib. This growth is induced by 
leavmg sleepers lying about in the grass. Forest soil is alive 
with fungi. The crib stack should be open, be in the shade, 
and tiie lowest timbers should be raised about a foot above 
the pmmd on a base of gravel or cinders. It is better to tuse 
orcxB tambers, painted with creosote, and burnt after- 
wards. tops Of the sta(^ should be covered, but not 
ihiSdieh. on aoeouat ffre risk, and tibe sides should be 
drying wl^ The seasoning tffiouM he gradual 
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wood and be cut from the heart of soimd trees, straight in 
fibre, one year before inspection. They should be free from 
bark, dry or wet rot (often due to lying on the ground) or 
wet sapwood, soft spongy or fungoidal or decayed matter, 
large or loose knots (particularly where the rail seat will rest) 
cup-shakes or bad cracks. They should be straight and not 
^arped. 

It is possible to interpret this so severely that a majority 
of those offered will be rejected. Longitudinal cracks 
certainly reduce the holding power of fastenings, but,^a^ient 
cracks at the ends of seasoned sleepers are not so serious as 
in a green sleeper. If a S or Z iron is hammered on, after 
clamping the crack together, and the ends of the sleepers 
are painted with creosote in the stack, slight cracks are not 
likely to develop further. The iron should cross at right 
angles the greatest number possible of radial lines in the grain, 
but two may be required, one at the top and one at the 
bottom. Small cup shakes at the ends are not likely to 
develop further. The ends are apt to receive special attention 
by passing officers, who only then proceed to examine the 
broad sides for shakes, surface cracks, and knots, some of 
which are perhaps more important- In certain timbers a 
sure sign of deterioration in the track is a longitudinal groove, 
often containing small ballast. 

There is no objection to acceptance of sleepers with a bevalladi 
arris or wane on two comers, cut firom a slightly Waller 
tree, so long as there is no sapwood left. In «ithe sapwood 
is actually stronger than the heartwood. One method of 
impregnation is claimed to treat sapwood. The sleepers 
passed are marked with a brand, which should be jealously 
guarded firom ^ The sleepers should then 

be stacked at once. No tolerance under the prescribed 
dimensions ocm be allowed, but a reasonable excess cannot 
Wobjeoted to. 

WoodiS steepers are subject both to mechanical wear and 
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to physical decay, usually the greater cause for deterioration 
of untreated softwood sleepers. Preservation is very largely 
practised. The additional eacpense is fully covered by the 
longer life and the saving in labour of renewal. The importance 
of treatmg long and expensive crossing sleepers is not fully 
recognised. In Great Britain the practice of treating is 
universal for the imported Scandinavian and other softwoods, 
including Douglas Pir. It increases the strength of the 
timber. 

Many methods of treatment with various salts have come 
and gone, but oreosotmg is the one most employed. The 
B.S.I. standard is No. 144. The Bethell Full Cell process 
(1838) is still used m Great Britain. The more creosote per 
cub. ft. is absorbed the lower is the percentage of removals in 
a given time. Freshly creosoted sleepers are slippery to 
handle. Gloves should be worn. 

The Ruping Empty Cell process (1902) economises 
creosote. The Lowry process is similar. It is claimed that 
these two processes impregnate a sufficient amount, make 
them cleaner to handle, and avoid wastage, which in hot, dry 
climates may be very great. 

The untreated sleeper may need conditioning, a gradual 
reduction of the moisture content, or otherwise it may split 
in areas of very low humidity. Some timbers, such as 
jaccah, imported by sea, absorb a quantity of moisture, 
and unless they are gradually air-conditioned they fail and 
give an unfavourable impression. It may be necessary to 
oov«r these sleepers with soil or ballast, for protection against 
evaporation by the sun, even after they have been laid. The 
penetration oi the timber in oreosotii^ is not deep, except at 
the caods, and Ih^refore if any dam^, such as a deraolment, 
ocoTOs, ijrhicib may mcpose unheeated timbmr, creosote should 
be paintsd ^ vmnnds- Xt is the tsrosl praotiice to adse 
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to be carried out in the field the exposed surfaces should be 
treated with hot creosote. 

Zmc chloride washes out if used alone, and is unsuitable 
for track circuiting. In the Card pr ocess^ it is mixed with 
creosote and tar. It seems to suit some timbers and is 
considerably cheaper than creosote alone. 

‘‘ ItoweJiiaiiJg,” a secret process, treats with saccharine 
and some poisons added. It is an open tank process, but the 
pores of the timber are said to be filled, so that fungoid 
growths and white ants cannot enter. .Zinc meta-arsenat;e 
also has been used, by the Ruping process, and costs con- 
siderably less than creosote. It decreases conductivity. 

When sleepers are laid in the track, dating nails should be 
driven in them, so that their behaviour can be watched and 
recorded. The dates can also be cut in untreated sleepers, 
making the dates more visible. 

Hand adzing should always be done to a tetmplato»»«- Adzing 
with the gram is difficult but avoids splinters. Saw outs are 
made across the sleeper to the required depth on the inner side 
of the adzing. The width of the adze should be half the 
width of the sleeper, so that two cuts will be sufficient, but if 
the workman is unable to handle such a tool then a width of 
four inches is adequate. The tool is rather dangerous and 
must be kept sharp. Goggles and leggings should be worn. 
The thickness depends on whether new sleepers or old are 
to be treated, the adze being thinner in the fikst case. If the 
sleeper is to be re-adzed under the lifted rail, the length of 
the blade must be greater than the width of the foot of the 
rail, and must allow for sharpening. 

All holes must be bored right through the sleeper with an 
auger of slightly less diameter than the size of the spike, 
which should fill the hole completely when driven. In hard- 
wood the aug^ may be ^ in. and in softwood i in. smaller. 
The bearing must be done to template. If the point will not 
hf^ a Mtt|e should be used. 
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9. — Steel Sleepers. 

Most Permanent Way men prefer a wooden sleeper track, 
but recourse to other materials is imperative. Steel, cast iron, 
a,nri concrete are all better able to resist side pressure at the 
rail foot. Steel sleepers have great resistance to side pressure 
in the track, if properly bedded. It is imperative, however, 
and this applies also to cast iron bowls, to pay great attention 
to liniug when laying. If this is done, steel sleepers may cost 
very little to mamtain, if not, it wiU not be possible to get a 
first class road, and maintenance may cost half as much again 
as on a wooden sleeper track. In the Federated Malay States 
maintenance costs double. Lining becomes difficult because 
the sleepers tend to slide back into their old positions under 
traffic. If the first lining and bedding has been faultless, 
it is possible to maintain line by adjusting the fastenings only, 
provided that they are adjustable for side movement of the 
rails. A double key fastening on each side of the rail foot is 
preferable. The lining then can be done by two intelligent 
kejnnen without the necessity to disturb the bedding. Steel 
sleepers are not necessarily more noisy although running on 
metal sleepers seems rather “ hard.” 

The bearing area of a steel sleeper may be taken as four 
times the distance from the centre of one rail to the end of 
the sleeper on the same side. These sleepens should not be 
allowed to become centre-bound, but on very narrow gauges 
this is practically impossible, so that the length approximates 
to twice the gauge plus the width of the rail head. The total 
bearing areas necessary tmder axle loads on Indian Bailways 
were fixed by the Indian Track Sub-Committee (1926), as ; 
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A trough sleeper of inverted U section is easy to handle 
to lay. It is not much more difficult to bed and is 
usually rolled in by a light locomotive, although in Germany 
anH elsewhere the ballast is first moulded to template It is 
not difficult to pack if the ballast in. to in.) is graded. 
Pebbles are imsatisfaetory. More ballast is required if the 
same height above formation level is to be maintained, about 
1 cub. ft. per ft. run, but this height can be lowered with 
the same amount of ballast below the bearing surface. The 
problem of their adaptability to track circuiting has not been 
solved, while in electrified track there is a risk of electrolysis, 
even with wooden sleepers. An addition of copper, while 
reducing rust, would increase conductivity. 

The first steel sleeper in Great Britain for a B.H. rail to be 
used extensively, apart from an experiment on the G.E.B., in 
1863, was patented by F. W. Webb in 1884. Other types of 
steel sleepers for British B.H. track are in use, the Great 
Western Railway having, altogether, half a million of several 
kinds over which speeds of 90 m.p.h. are attained, with 19 
sleepers to the 46 ft. rail. All modem types are dished at the 
ends and have a beaded edge. 

In P.B. track, steel sleepers have been used extensively in 
Germany and on the Prench Algerian railways. They were 
introduced into India in 1886. They are practically standard 
on railways rmder the control of the Crown Agents for the 
Colonies in Africa and elsewhere, and are used in the Union 
of South Africa. A type of steel sleeper is shown in Fig . 8- 
and this is adaptable to all P.B. rail sections by alteration 
of the clips and washers. Gauge adjustment is made in this 
tyx» by faiming the washers without removing them. The 
r^ ses^ ib streaagthmed by a saddle. 

eto^pbet type steel sleepor for P.B. rails is to use 
MiSs^ steel kMney-dwped loose Jaws. 

These drSed #«el bxM thte ^ 
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4 lb. The K type, which is practically standard on railways 
under the Crown Agents for the Colonies, has holes through 
which a hammer-headed bolt is inserted and turned. There 
are two rail clips, one end of which is inserted into a hole 
while the other butts against the web. These clips differ in 
size so that J in, or ^ in. of widening of gauge is possible on 
curves. Then comes an over-riding clip secured by a nut on 
the hammer-headed bolt. The fastening is very secure and 
on the Gold Coast is reported as having arrested all creep. 
The G.E.O sleeper of German design for standard gauge 
P B. track has the bearing plate, described in Art. 12, welded 
to the plate. A double joint sleeper is used. Elsewhere a 
sleeper under the joint is not approved. 

A steel sleeper with battered sides is not so suitable for 
the application of rail anchors, and therefore more reliance 
must be placed on the holding power of the fastenings. 

Steel sleepers have bean used for points and crossings and 
will prove more economical than costly timbers. Sleepers 
designed for nght-handed turnouts can be turned end for end 
for use in left-handed turnouts. They can also be built up 
of old rails in pairs, tied and braced together with plates, 
riveted or welded on at the rail seats. The scrap value of 
such built-up sleepers is much higher than that of most 
sleepers- The depth of rail-section should correspond to that 
of wooden sleepers in such situations. 

The higher first cost requires that a steel sleeper should have 
a long life. If only ten or twelve years should be the life 
of wooden sleepers, a steel sleeper with a life of 36 yearo ought 
to justify its use. Some steel sleepers in Germany required 
only 18 per cant, to be removed after 27 years. On the other 
hand sleepers weighing 148 lbs. lost 61 lbs, in four years in 
soil ta^pregnatad with saltpetre, in Northern India. Rusting 
conianues after sleepers have been removed from the track, 
thw ccmtiimously reducing their scrap value. They are not 
m Tory humid conditions or near a sea coast. It 
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has been observed that sleepers rust more on the side towards 
approaching traffic, and so do those nearest the joints 

Steel sleepers are made of mild steel, with a tensile strength 
of 26 to 33 tons per sq. in. and an elongation of over 20 per 
cent,, but no precise composition or tests are specified in 
B.S.I. Report, No. 600/1933. The Bengal Nagpur Rail- 
way uses a bending test. Sleepers over weight, but not 
those under weight, are accepted. After acceptance they 
are cleaned of scale, and dipped hot into a suitable anti- 
rust composition, about 4 oz., usually three parts of pitch 
and coal tar to one part of tar oil. The coating should not be 
brittle when cold, or be affected by water, or by the heat of 
the sun. Any ridges on the top of steel sleepers collect water 
and grit and corrosion is started. The composition therefore 
may be applied at intervals to prolong the hfe, but this will 
entail special measures. It sustains damage from men 
walking along the cent^ of the track. 

40. — Cast Iron Sleepers. 

The cast iron bowl or pot was designed by Greaves. Indian 
Bailways have a long experience of such sleepers, and still 
produce new designs, but they are not suitable to the high 
speeds which are becoming common. The material is oom- 
paratively cheap and easily oast. There is hardly any limit 
to the life of the oast iron components. They can be remelted 
and, after addition of a proportion of new metal, recast. 

Oast iron has little tensile sIxeDgiffi, compared with steel, 
and a transverse sleeper, wholly made of this material, would 
be of too great a weight. As it is, the total weight of an 
artioalated pot sleeper is over 230 lb. A pair of elem^ts, 
bowls ox plates, indrktiag chairs or bearing plates, are con- 
nected by a bbbor ov wxmx^t Imi, passed through 

^ cesrtriron^beaentsaBdsectMred by’gilMandeo^ The 

'be# the' tel} not 

add tie 
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the elements to gauge This can be widened without 
difiiculty by exchanging the gibs and cotters, but, if the ele- 
ments are tilted slightly, the gauge is not maintained. The 
longer axis of the element should be transverse to the track, 
and it can only give half the lateral resistance of a rigid 
sleeper. The rail seat should be narrow, otherwise a rocking 
action and creep of the rail must develop, and the span at 
suspended joints will be longer, so that the joints become 
hogged. When pots have become well filled, and this may 
be facilitated by “ punning ” ballast through holes in the 
pots, they have a good hold. On the G.I.P. Railway chaired 
pots are laid and keyed alternately right and left handed. 

Plate sleepers are designed with fins, about 2 in. deep, 
longitudinal and transverse, for the same purpose. It is not 
easy to use anti-creep appliances with these types, or to hold 
the rail foot securely to reduce expansion and creep. The 
weight of each element in Pig. 4 is about 108 lb., and the total 
weight 243 lb. By the use of different clips the sleeper is 
adapted for use with different sections of rail. Many of the 
designs for this type of sleeper are complicated by provision for 
unevenness of casting and for widening on curves. This 
complication is found, to some extent, in aU metal sleepers, 
although the proportion of curves on which any widening is 
required may be small. 

A recent design of plate sleeper for the joints 1 ^ ft Ih “R- 
rail in India is described as ** Bail-Free.” Duplex^ , because 
there is no key between rail and sleeper, which is laid longi- 
tudinally. Each element weighs 204 lb. and the total with 
tie bar, etc., weighs 417 lb. The sleepers on either side of the 
joint deeper are also rail-ftee, weighiz^g 2^ lb., while the other 
sleepers, with an area of nearly 6 sq. ft., have an inside key. 
Axu^bhar type has an area of 21 sq. ft. widi two k^s and fins 
1 1 in. dssgiK to prevent movemdit in the ballast. On one N.G. 

have berm onted by inserting sleepers 
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id . — Concrete Sleepers* 

Concrete sleepers, if made to the same dimensions as 
wooden sleepers, are extremely heavy, and very liable to 
disintegrate by mechanical wear. They must have wooden 
blocks to take the fastenings, or wooden packmgs imder the 
rail seat, and these work loose. They are more likely, being 
smooth-sided, to pump up and down in the ballast. Stent’s 
concrete pots have been used to some considerable extent in 
India, and a new process has been devised, but is not in pro- 
duction yet. 

A longitudinal concrete slab over a length of 390 ft., on the 
Pere Marquette, designed to arrive at a “ Permanent Way,” 
were laid in 1926, and modified m 1929. It is not likely that 
such a road will come into general use, because the cost (about 
50 per cent more than first class track), is so high that, even 
if there is no outlay on maintenance at all, which has not been 
the case, it must last 72 years to justify the outlay. In 1931 
rail batter was noticeable, and most of the Joints were welded 
up. By 1938, many of the clips had become broken, and the 
gauge had widened. The type might prove economical in a 
few situations, such as railway termini, where a light type 
could be used at low speeds. 

12* — ^Fastenings 

Whether the rail is laid direct on the sleeper or on oearmg 
plates or in chairs (Pig, 5), an inward tilt must be given to 
the rail on account of the coning of the wheels. This coning 
was given principally with the idea, not now tenable (Art. 16), 
that on curves aU the outer wheels follow the outer rail into 
close contact with which they are pressed by centrifugal 
force. Therefore, it was argued, the outer wheels, if coned, 
would run with a larger diamet^, and radially to the curve. 
Another impression, perhaps, was that wheel coning would 
make the resales run omtrally on the straights. It has. 
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on the contrary, been observed that locomotives and bogies, 
with wheel treads coned at 1 in 20, have a tendency to wriggle, 
or “ hunt,” on straight track. Irregular bright marks on the 
rails should be noted and the cause diagnosed. Ooning of 
wheels is not likely to be abandoned, and an experiment with 
a view to abandon the tilting of the rail, made by French 
railways in 1918, was unsuccessful. In the United States 
greater stresses were observed in untilted rails. Cant on curves 
causes a modification of the tilt to a vertical plane in both 
rails, and the inner rail may even have an outward tilt. It 
is a question whether cant should not be limited to sV 
gauge, and a corresponding speed limit imposed. 

There is an advantage, not to be exaggerated, in having a 
small number of fastenings between rail and sleeper. A F.B. 
rail can be held to gauge and attached directly to a wooden 
sleex>er by two fangbolts (probably the strongest fastening), 
or dogspikes or coach-screws to each rail, the sleeper being 
adzed to give the rail a seat. The bearing area on the sleeper 
is thus the width of the sleeper multiplied by the width of the 
rail foot, but, while this may give an area sufficient to prevent 
crushing of the fibres under the load, it has the disadvantage 
of causing a rocking motion of the sleeper, and mechanical 
wear, due to the sinuosity of the rail. The rail is rolled for- 
ward under the load and creep is greater. The sinuosity of 
the rail also tends to draw the fastening, and it is sometimes 
prescribed that the spike or screw shall not be driven home, 
but l^t there should be a space of ^ in. between the head of 
the festening and the foot of the rail to leave space for the 
wave in the rail. This leaves the rail free to move and creep 
is inerea^^., while the sjnbe is more liable to draw on curves. 
The dhsMe epke, made of f in. sping steel with a 

goosenedt; are l^eadng cm th» rml foot, appears to meet thite 
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Where two spikes per rail are used, the outer and inner 
spikes should be in line (Fig. 6) On a double track, the outer 
spikes should be in advance of the inner spikes in the direction 
of the traffic. On single track, the outer spiking should be in 
advance for half the rail looking from either joint. Thus, if 
anchors are applied, on the side nearer the inner spikes, there 
win be no fear of slewmg of the sleeper. 

Dog spikes are chisel-pointed (Fig. 6), but a diamond- 
pointed spike IS said to foUow the bored hole better. It is 
most important that they shaU be driven vertically, and not 
tapped over after the first blow or two. If not then vertical 
they should be drawn out and driven again. 

The coachscrew has greater resistance to the draw of the 
sinuous rail, and greater lateral resistance, although insufficient 
to prevent widening of gauge on sharp curves. It probably 
reduces abrasion between the rail foot and the sleeper very 
considerably. It is more costly to buy and to drive (in the 
absence of a power machiue) more susceptible to rusting, and 
the gauge cannot be corrected without drawing the screw, 
while the spike can be so hammered in the final stage as to 
give correct gauge. In lajnng rails direct on wooden sleepers 
it is better to allow ^ in. slack gauge, as some crushing at the 
inner edge of the foot is almost inevitable. In order to pre- 
vent a coachscrew being driven as a spike to save trouble, 
a small point is formed in the centre of the head as a tell-tale. 

It may be necessary to use three f^ikes or screws to fasten 
each rail on softwood keepers, usually two outside and one 
inside, but two inside and one outside is claimed to be better 
practice. Four are usually used at the raU joint, and on 
curves with a radius of less than 1910 ft. On ordinary curves 
three fastenings per rail will be sufficient, two on the inside 
and one on the outside. This di^osition will counteract 
the tendency to overturn the outer rail, by flange pr^ure, and 
the inner rail, partly owing to ihe tilt becoming negative by 
superelevation, and parUy to the vertical load being greater 
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under loads running at lower speeds than that for which the 
curve is superelevated. Extra spiking on omves may be 
avoided by the use of steel tierods with shock absorbers, 
which, it is claimed, remove the necessity for periodical 
regauging. The “ Standard ” half chair gives outer support. 

Dogspikes are made &om steel with a tensile stress of 24 to 
28 tons and an elongation of 16 per cent., while coachscrews 
(screw spikes) have a higher tensile strength and elongation. 

Bearing plates may have a single or double shoulder. They 
are used to prevent or lessen the mechanical destruction of 
the sleeper, and must, therefore, have a larger bearing surface 
than the foot of the rail ovot the width of the sleeper. The 
Lehigh Railway uses a plate of 106 sq. in. in area. They give 
a truer tUt to the rail than a comparatively roughly adzed 
sleeper, and, once they have foimd their bearing, further 
crushing of the fibres is lessened. In some designs the base of 
the plate is corrugated or honeycombed, which reduces the 
stress thrown on the spikes by side movement, but requires 
special adzing otherwise they move before they have time to 
get a seating. They may be trapezoidal in plan, wider on 
the outside of the rail on curves, on the inside on straights, 
to resist cutting into the sleeper. It is especially important 
to avoid such cutting into creosoted sleepers. In Eig. 6 
four spike holes are shown, but on the straight only two spikes 
may be driven. In high class track, the spikes are not given 
the double duty of holding both rail and bearing plate, but 
the plate is held to the sleeper by separate spikes or screws, 
thus reducing cutting and mechanical wear of the sleeper. 
Cta the Bst Region of Erench National Railways, poplar 
packing pieces without a bearing plate are effective. 

In order to reduce tiie rolling forward of the under load, 
and eiMiiseiipient creep* the hearing of steel m steel can be 
be^ Jntnad tbeb en steel sieepefra witb a 
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The German type of steel bearing plate has a double 
shoulder to keep the foot of the rail in place with allowance 
of ^ in. each side. The plate itself is secured to a wooden 
sleeper by four screw fastenings, and is welded to a steel 
sleeper. A wooden poplar packing may be inserted under the 
plate. The rail is fastened, independently, by clamx>s of 
U-shape through which bolts pass and are held tightly down 
by nuts. There are 22 parts for attachment to a wooden 
sleeper and 12 for steel sleepers. At suspended joints the 
bearing plate is carried over two sleepers with special wide 
plates and with either four or six clamps, and eight screw- 
spikes. If the joint is supported by a sleeper the plate over- 
hangs it and the rail foot is held by two clamps on each side. 
The tjTpe holds the rail very well, and 98 ft. rails require a 
Tnininuim of interval for expansion. It is costly, but over 
6,000 miles of track have been laid in Germany. 

Care must be taken in laying double shoulder bearing plates 
not to reverse them and get the wrong tilt, especially if the 
tilt is smaU. They are considered to hold the rail better 
against movement if the sleepers are slightly skewed, and, 
conversely, prevent serious skewing. 

Bearing plates may be cut from rolled steel bars to bear a 
tensile stress of 24 to 32 tons per sq. in., or be drop-forged, 
or made in a coining press. Before bundling they are heated 
to the temperature of melting lead and dipped into boiled 
linseed oil. Th^ are made also of cast iron, and are cheaper, 
although they weigh more. A good combination is a cast 
iron plate with elastio i^ikes, and this is cheaper with F.B. 
track than B.H. track with chairs, while equally efreotive 
on the I 1 .M.S. experimental lengths, Antunraap. cagfe. 
jmn heariny yiate has been designed for Indian Railways, 
with a hearing surface of 90 sq. in. The jaws have a double 
taper, enabling a two-way key to be driven in mther direction 
to meet loctd creep conditions and prevent shoulder wear. 
OiK» key may have to be driven at a joint before the fish- 



40 


cole’s pebmanent way 


plates are fixed. In all cases the longer dimension is trans- 
verse to the rail. An American double jawed design weighing 
40 lb. for 110 F-B. rail has four screws, only two of which hold 
the rail foot. 

The cast iron chair used with B.H. rails is a bearing plate. 
The Great Western Railway chair (Mg. 6) weighs 62 lb., with 
a serrated base area of 116 sq. in. It is applied to the wooden 
sleeper under a pressure of ten tons. This involves the adzing 
of the deeper to a series of grooves. The chair is fastened by 
two through bolts, and the nuts are screwed by a machine to 
a constant torque. The G.I.P. Railway in India uses both 
right hand and left hand chairs alternately with the object of 
reducing creep. The joint keys must be driven always to- 
wards the joint, and the number of sleepers to a rail length 
must allow of this. 

The keys, of hard close-grained wood, such as oak or teak, 
are straight or tapered, and are generally driven outside the 
rail, but they tend to shriuk and to drop out, in which case 
the rail is devoid of support against lateral stress. Packing 
pieces or liners are used to take up wear. The keys may be 
treated with creosote. Steel keys, such as the Turplatt or 
Mills, require little attention, and are effective jn arrestipg 


oreeuL- 

Rail anchors are not actual connections between sleeper 
and rail, but are sprung on to the foot of the rail and butt 
in pairs against the side of the sleeper. They should not be 
attached to the rail by a pin through a hole in the foot. This 
weakens the rail considerably, especially if movement requires 
new holes to be drilled. They should not slack off if the 
rail moves backwards, and be capable of being readily taken 
oS and replaced. They provkls that resistance to movement 
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outTvards, so that expansion and contraction, although 
reduced, can take place equally in either direction. On a 
grade all should be applied on the uphill side of the sleepers. 
More anchors should be applied to the outer rail on a curve, 
than to the inner rail, which can be relieved by applying 
anchors to the check rail, if any. 

Under very light trafl&c two to each rail may suffice, an 
extra anchor on one side being applied if movement is uneven. 
If the speed is high perhaps eight to each thirty feet length on 
each side may not prevent the slewing of the sleepers. In 
Ikance five sleepers are connected hy a steel St. Andrew’s cross 
screwed to the sleepers. As many as twenty anchors have 
been applied to a 39 ft. rail in the U.S.A. Without rad 
anchors it is difficult, and may become impossible, to tighten 
the bolts at joints evenly or at aU. The bolts may shear. 
On the Burma (metre gauge) Railway four anchors to a 
36 ft. 60-lb. rail reduced creep from a foot a month to 5 in. a 
year. 

If additional anchors are foimd necessary, they should be 
applied in hot weather while existing anchors are in full 
bearing. Otherwise the new ones take all the strain and 
perhaps shift the sleepers against which they are butted. 


— ^Ballast. 

Ballast has two functions. The loose material can be 
packed tight under the sleepers in order to maintaiu level 
and cross-level of the track. In addition it i^reads the load 
on the sleeper over the formation. Some soils, when saturated, 
can bear only 16 owt, on the square foot. The amount of 
spread of the load in stone ballast may be taken as one inch 
outwards for every two inches of depth under the sleeper. 
With dry earth ballast the spread will be wider, but the 
material is not so dependable. On a formation which cannot 
support a heavy load, therefore, the depth of ballast should be 
ine^Aied, but there is no object in having a greater depth 
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below the sleeper than the distance between two adjacent 
sleepers. 

Bottom ballast, or soling, is useful to avoid the loss of stone 
ballast by sinkage and absorption into the formation, and also 
to spread an exceptional load due to depression of the track 
at a loosely packed sleeper. Bottom ballast should not 
consist merely of coarse ballast, but of small boulders, passing 
a nine-inch ring, and shoiild be hand-packed. In the U.S.A. 
on a bad formation concrete slabs, 4 in. to 6 in. thick, have 
been used to distribute the load, with 8 in. of ballast over 
them. Concrete slabs have been used under diamond 
crossings. 

A fruitful source of water-pockets in the formation is the 
provision of a small portion of ballast at an early stage. 
Depression under the rail seats and the packing both force the 
material into the formation. Water then drains through the 
second supply into the formation. It is better to pack with 
soil and consolidate before ballasting at all. 

For lasting wear ^neous rock, lime- and other stone, and 
slag are used. Igneous rock has much less binding value 
but the annual wear is smaller, about 3 per cent. Ballast 
should be hard, demse, tough and non-absorptive. It should 
break up into lumps and not flake in a misher, as some lime- 
stone does. It should have good resistance to lateral dis- 
plaoement, and this resistance increases if the ballast is not 
betag constantly disturbed. The coarser ballasts have a 
better capacity to carry heavy loads. 

Slag is a wiuste product of the blast furnace, dug &om the 
heap by mechanical excavators and sorted on a belt conveyor, 
so that larger lumps <am be sent to the crusher and the 
reHtMh^dmr paas to the acreens. It tends to hold dust and dirt 
and Is nof mitaMe for use with steel sleepers for fear of cor* 
roahm, > ' ^ ' 

baSaahl^that it dbioBid ndt pias 
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and plate sleepers it is better to use a 1| in. ring or to grade 
it -with a proportion of small stuff, not dust. Tbe angle of 
friction must be studied or it may not be forced up into con- 
tact inside steel sleepers. On steep grades, where the loco- 
motive scatters cinders over the track, the ballast should pass 
a IJ in. ring and still be retained on a | in. ring. 

There are other materials for use in second class track, 
since they have little resistance to lateral displacement. 
They tend to be absorbed in the formation and to form water 
pockets between the ridges. They are gravel, washed or 
screened or unscreened, mine tailings or ohatts, broken brick 
or clay, muram (a red earth}, kankar (a nodular lime), 
cinders or sand. The annual wastage is from 16 to 20 per 
cent. Sand must be oil-sprayed or blinded with stone. Some 
railways can afford nothing but soil, and the ballast section 
must be formed to a slope outwards, to below the bottom of 
the ends of the sleepers, so that water may drain to the sides. 
The slope must run to below the foot of the rail. The centre 
portion of the sleeper must never be allowed to become bound, 
and must be raked out during packing, which is done with 
wooden beaters. On very narrow gauges the full bearing 
area may be required. 

For measured shovel packing (Art. 29), granite chippings 
are used. The material is kept in bins, spaced apart at every 
furlong, and filled periodioaUy from a ballast train. The 
chippings are carried to site in a sack or box-barrow with 
handles at each end. 

The laying of stone may well be deferred imtil the formation 
has had time to settle down, especially if the formation is of 
“ black cotton," or clay, or other imreliable soils, which swell 
with moisture content. Sand should be laid to a depth of 
1 ft. at first. In time such banks will drain out, or vegetation 
on the slop^ will keep out the rain. A good depth of ballast 
and soling is essential to carry heavy loads at high speed. 
It w® inopease the “ modulus of elasticity of rail support,” 



44 


OOLE’S permanent "WAY 


save in maintenance, increase the life of other materials, and 
diTninish track resistance. An additional depth of 6 in. of 
stone ballast, it has been calculated, at the cost of three 
additional sleepers per rail length, is more effective than the 
addition of six sleepers. 

On curves, superelevation of the formation will reduce the 
depth of ballast under the outer rail. A considerable depth 
of ballast must increase the spread of the sideslopes and tend 
to reduce the “ cess ” or width of formation exposed, so that 
the width of formation may have to be increased. The 
formation width wiU depend also on the top width of the 
baUast section. Side ballast walls cannot be recommended. 
The cess must never be raised in regrading above the bottom 
of the ballast section or water pockets will be formed. 

At one time it was the vogue to cover the sleepers, and even 
to make the section slope upwards from the centre almost 
to the bottom of the rail head. It is now considered better 
to leave the fastenings exposed, for grit is apt to work in under 
the bearing plates, in fact, less labour in repairs is involved 
if the ballast top Ues an inch or two below sleeper level, 
and the miming is quieter. Lateral movement of the 
sleepers is not increased appreciably. There is a slight 
risk of fire. Slag, or cinder ballast, if covering fastenings 
and the feet of the rails, inevitably causes corrosion. 
Although a wide shoulder is necessary to withstand lateral 
stress, it is. not now <x>nsidered necessary to allow more 
than about 8 in. of stone ballast outside the ends of the 
sleepmrs, but some railways still allow 12 in. on each side. 
A widnr shoulder is desirable on the outside of curves. The 
bsihiat slope is taken 1 in 1|, but gravel lies at 1 in 2, and 
reqaicse a wider 

1^ tdgh speeda a emooih to the ballast section is 
sleepam eaxSm ixrotrude there Is 
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sleepers are used. The centre portion in a C.I. sleeper is 
left open, because ballast here serves no purpose and would 
only tend to corrode the tiebars. The extra quantity with 
steel sleepers is about 1 cub. ft. per ft. run for standard gauge. 
Sand should be filled into pots, but stone ohippiogs are less 
liable to wash out. 


^ 4 . — Stresses in Track. 

A great deal of research has been carried out in the last ten 
years. It is not possible to give all the sources which may be 
consulted by the Permanent Way man. The Railway 
Research Service, 4, Cowley Street, London, S.W.I., can 
probably place the enquirer in possession of details of new 
components of Track. 

Recent research shows the paramount importance of a stiS 
track, most carefully lined, and cross-levelled. It is much 
more profitable to improve the support than to increase the 
rail section, although the section may have to be increased 
on account of the intensity of rail stress, however stiff the 
support may be. Experiments in India indicate that the 
average “ modulus of track elasticity ” is greatest with cast 
iron plate sleepers, diminishing in turn for steel troughs, 
deodar and softwood sleepers, although the results differed 
widely in each group, with lateral lesistance in the same order. 
The importance of cross levelling has been shown by one 
experiment of an American Committee, with a locomotive 
running at 70 m.p.h. Over a straight length of 45 ft., one 
rail was packed f in. higher than the other, while on the adjoin- 
ing lengths the cant was reversed. The lateral stress was 
raised firom 7,000 lb., on track truly levelled, to 44,000 lb., 
oomsiderably more than the load on any one wheel. 

The load on the formation should vary as little as possible, 
otiberwise water may ooUeot in depressions under load. 
Peessure under the sleejiar is very much highmr under idle centre 
with that at the rides, 160 to I, uniform 
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pressure is obtained only if the depth of ballast equak the 
sleeper spacing. Under a thin layer part of the formation 
between sleepers is unloaded, say one half when sleepers are 
30 in. apart over 5 in, of ballast. The load is carried by 
several sleepers. 

Sleepers in a rail length are spaced unevenly in order to 
space some closer near the joint. At certain critical speeds 
even spacing produces resonance and vertical oscillation. 
At a crawl, the joint will be depressed less with good ballast, 
but at high speed the movement of a wheel running on the 
continuous rail is actually less over yielding ballast until 
the critical speed is reached. Such a speed is almost un- 
attainable with good ballast. The same good result is ob- 
tained by using a stiffer rail. 

There is a certain amount of slip as a pair of wheels travels 
along the straight track. It is due to the strain in the rail 
and wheel surfaces in contact, probably oval in outline. 
There may also be a lateral slip. At high speed the co- 
efSoient of friction is reduced from to about 

A pair of wheels fixed on an axle, even with cylindrical 
treads, oscillates along the rails in a regular curve. Coned 
treads cause the amplitude of the curve to increase. The 
flanks may impinge on the rails at intervals of about 60 ft. 
at 60 m.p.h. A Pacific locomotive has been found to oscillate 
laterally six times in a second. At low speeds the shocks 
will be slight, but at a spot half an inch out of alignment, 
with a cant of onliy a quarter of an inch there will be a severe 
jolt, l^e coning of treads has been reduced on the L.MJS. 
fnnn tfc to xh-a^ experiments with oylindrical treads having 
shown excessive wear of the treads. Bcgks with indepen- 
dently rotating wheels have proved saoeesaEbl, but the cost is 
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appreciation of the motion of a vehicle on a curve is desirable. 
A curve has the function of turning a train or a vehicle into 
a new direction at some angle to the direction m which it 
approached the curve. Centrifugal force would make the 
train continue in a straight line but for the reaction of the 
track, which rotates the vehicles, always running in straight 
lines, and transfers the vehicles to the far tangent point in a 
new direction. The curved track thus has to sustain an 
additional stress to what is imposed on straight track. Assum- 
ing that the same rate of speed is allowed on curves of different 
radii, linkmg tangents inclined at the same angle, the curve 
of shorter radius has a shorter length in which to complete 
the rotation of the vehicle, and therefore is subjected to greater 
stress per unit length. The rails show greater wear, the 
outer on the side, by reason of the &iction of the wheel flanges, 
and the inner on the top, principally because all trains do 
not travel at the same speed, and the cant usually given for 
the fast trains is excessive for the slow trains, bringing a 
disproportionate amoimt of weight on the inner rail, which 
may develop a lip of metal which has flowed. A great deal 
of sliding must take place by rotation of the vehicle, and this 
takes place mostly on the inner rail. If worn rails on a curve 
are observed from above or from a little distance, the outer 
appears to be thin and the inner thick, sometimes exception- 
ally so. The same may be observed at worn points, one 
switch being thin and the opposite stock rail thick. 

It has already been pointed out that there is a lateral 
oscillation on the straight. Assuming, however, that all 
wheel flanges have an equal clearance on entering a curve, 
the rotation of a bogie or vehicle will not b^in until the lead- 
ing flange makes contact with the outer rail, and then wear 
begins. The rotation may be considered to continue by a 
shouldering motion and by sliding owiug to the action of a 
QOu^. This may be correct if the side springs, tendiug to 
hcgie pivot, have a tension of the order of go » ton. 
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insufficient to have any effort in orienting the locomotive 
firame, which rotates by the action of the leading drivmg 
wheel flange. If the tension is from four to six tons, a more 
powerful couple is set up, and both bogie wheel flanges may 
be forced into contact with the outer rail. Unless the radius 
of the curve is such that the coned wheels will run radially, 
there will still be some slipping. 

Experiments were made on the Est Section of the French 
National Railways in 1935 to determine the paths of the 
driving wheels of a 4-8-2 locomotive round a curve of 600 
metres (1,969 ft.) in radius. The bogie springs had an initial 
tension of 4^ tons and a maximum of 6^ tons. At a crawl, 
the inner leading driving wheel flange was often m contact 
with the inner rail, with the second and third in continuous 
contact. As the speed increased, at above 60 m.p.h., the 
second and third inner driving wheel flanges in turn abandoned 
contact with the inner rail. At 62 m.p.h., the first and fourth 
driving axles guided the locomotive, the first in contact with 
the outer, and the fourth with the inner rail. At 76 m.p.h. 
the flanges of both first and fourth driver were in contact with 
the outer rail, the second and third making contact with 
neither rail. With a Pacific type locomotive on this curve, 
up to 68 m.p.h., the leading outer wheel flange guided, and 
no other flange was in contact with either rail. At the 
higher speeds tbe cant was in deficiency up to 3| in. by the 
usual formula, and this may have had some effect. The 
tracks of the bogie wheels were not recorded. 

The reduction of c«nt is one of the important advances in 
praoiioe of recent years. The formula in Art. 62 gives 
e^ual pressure or equilibrium on botik rails, disregarding 
wiittd pieSeuaee, tern ail h^g^hts of the centre of gravity. The 
denufml hi£^ i^ieed eouM not be met if qpeed must fbe- 

'bernmm' 3a9)KxiQ»sm cant of 6 in. 

thi«odncri|i(m of mioioc 
..rfmiMMM A itiIra irteftwrcb 
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So long as the resultant of centrifugal force, plus wind pressure 
from the centre of the curve, and vehicle weight does not fall 
outside the middle tliird of the gauge, centre to centre of rails, 
there should be no danger of overtuiming. In practice, the 
resultant is made to fall in the middle fourth, and a safe 
deficiency of cant may be taken as part of the gauge, 
centre to centre of rails. The A.R.E.A. adopt three inches 
although the centre of gravity of a locomotive may be 84 in. 
above the plane of the rails. On British Railways up to 3| in. 
may he allowed. 

The reduction of cant, however, is contingent on very 
careful alignment, and keeping to the amount allowed for 
cant. Even newly laid track, apparently well aligned by 
eye, has differences in versine so great that the nominal radius 
is reduced in places by one sixth. On transition and easy 
circular curves small differences in versine have a greater 
effect. The cant does not then correspond to the curvature. 
Although small differences in cant have been found to make 
little difference in lateral oscillation, compared with irregular 
lining, the cant should be carefully maintained. If there 
should be a derailment, the first step taken in the ensuing 
enquiry will be to measure the cant and the curvature. On 
badly aligned track there is considerable oscillation between 
the rails. 

Security against derailment decreases with an increase m 
the diameter of the directing wheel, "with the angle of im- 
pingement, and the co-efiScient of firiction. On the other 
hand an increase in the horizontal angle of inclination of the 
exterior face of the flange contom: is favourable. The value 
of this angle is limited by the wear of flange and rail and 
increased by curve resistance. Stresses on the inner rail may 
be as hi^ as 60,000 lb. per sq. in. 

Deficienoy of cant will impose an additional thrust, besides 
that necessary to orientate the locomotive, on the outer rail. 
Dr. A. N. Talbot calculates this to be equal to the axle load. 
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multiplied by the deficiency of cant m inches, and divided by 
the distance centre to centre of rails, in inches also. 

It is difficult to evolve a general formula for the authorisa- 
tion of speeds in relation to curve-radius. In India, Martin’s 
formula, as applied to all gauges, is : 

V=l'6\/ (R— 220) 

speed in m.p h , and R, radius in feet. 

For curves of under 5°, V may be increased to 1 ’35 V R, 
which may be compared with 1’117 VR by the equilibrium 
d^^ula. The general formula obviously has limitations, 
because a curve on the narrow gauges may have a radius as 
^ow as 240 ft. or even 120 ft. If curves axe not transitioned 
^nly I V, as found, is allowed. The International Railway 
Congress at Cairo, in 1935, fixed a radius of 1,980 ft. as the 
limit for unrestricted speed on the standard gauge. 

^T here ha« been a considerable reduction in gauge widening 
r^ntly, although driving wheel bases are longer, see Art. 61. 
Fzperiments in India on curves of 1,273 ft. to 1,910 ft. radius 
on the broad gauge showed less resistance on normal gauge 
than if it were widened by | in. to f in., the wider having no 
effect. In the Rst Railway experiments the Mountain loco- 
motive, with a driving wheelbase of 20 ft., behaved much 
better with normal gauge on the 1,969 ft. radius. On British 
Railways widening sta^ when check railing is required, 
for a radius of 660 ft. 

L6. — Standard Gauge. 

This is the usual name given to a gauge nf 4 ft. RA in., to 
1'4S5 to 1*445 metres. It emanated fimn Oreat Britain, but 
in atm Bmphe is not much used, It is the general 

0 IIOS 0 £or Oonada, the United States, and Mezieo. In South 
of Axg^aotine rsdl^ys are laid to it, as axe 
4^ of l^jem wad thujpMs^, In Austrslia it is 
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railways only, other States of the Commonwealth having 
long ago adopted other gauges. In addition to other gauges, 
it is employed in China, South Manchuria and Japan. In 
North Afnca, the Egyptian State railways, and Ereneh 
railways in Algeria, Morocco and Tunis use it, while it is to 
be found in Palestine and Iraq, besides the metre gauge. 

The structure gauge in Great Britain is rather cramped, 
and some lines cannot accommodate any but special stock. 
The maximum width of stock, allowing for curves, is 8 ft. 10 in. 

with a height of 13 ft. The standard rail is 95 Ib.JB.H., 

45 ft. long, but 120 ft. rails are used on the L.N.E.R., being 
100 lb. Revised Standard B.H. The 46 ft. rail is laid on 18 
sleepers, 9 ft. by 10 in. by 6 in., except at joints where the 
width is 12 in. 

On the L.M.S. a trial has been made since 1936, of 110 lb. 
P.B. rails in 60 ft. lengths on 24 or 29 sleepers. The trial 
lengths extend altogether over five miles, and in 1939 six 
more miles were laid, with a further five miles of 131 lb. P.B. 
rails. It was desired to obtain proper comparison under 
similar conditions. 

On the Continent of Europe, the International Wagons 
Hits stock has a width of 9 ft. 8 in. and a height of 13 ft 1| in. 
but, actually, stock with a width of 10 ft. 4 in., and a height of 
14 ft. Jm., can run in most parts. On Gterman railways 49 
kg. P. B. rails are used, 30 metres long, on 46 wooden or steel 
sleepers. In Prance perhaps the highest standard is on the 
P.L.M. section where a 62 kg. P.B. rail, 24 metres long, is 
carried on 40 sleepers, but 44 sleepers have been used for this 
length, and 27 metre rails are in use. The Belgian National 
railways weld together two 27 metre lengths on electrified 
tracks, and insert 98 sleepers. 

In North America, the heaviest track is used. A centre to 
centre width of 13 ft. between tracks and a height of 15 ft. 

6 in. allow much larger and heavier locomotives and stock. 
The standard length of rails, all P.B., is 39 ft., but they have 
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been welded into 780 ft. lengths and, after laying, again 
welded into a continuous length of about a mUe. There has 
been a great advance in rail weight since 1893, when the Amer 
Soc. of Civil Engineers designed 60 lb. to 100 lb. rails. The 
American Railroad Association, now the Assocn. of American 
Railroads, redesigned these rails in 1908. In 1922 the A.R.E.A 
designed 130 lb., modified later to 131 lb. The heaviest rail 
in use by the Pennsylvania weighs 162 Ib. Owing to the heavy 
axle loads, up to 34 tons, sleepers are 7 in. deep. As many 
as 3,639 sleepers have been got in per mile. Ballast may 
consist of a soling of 10 in. to 14 in., and a total depth of 
24 in., it being considered that if any money is available it 
is best spent on ballast. One railway widens formation from 
18 to 22 ft. in consequence? of the deep ballast. 

Kroad Ganges. 

Since the 7-ft. gauge of the Great Western of England was 
converted to standard gauge m 1892, the,,6JituJfi-ui>-gauge 
(1 *676 metres) is the widest in use. The first railway on this 
gauge was opened in India (1853), and it was used for the 
trunk railways in Ceylon (1866). Elsewhere it is the gauge of 
Spain (1876), and Portugal, for the principal railways of the 
Argentine Republic (1862), and in Chili (1862). 

In India the heaviest rail used is 116 P.B., but a 90 lb. rail 
is extensively used. On the Railway there are many 

mules o f 100 lb. B.H .- and on the East Indian 100 lb. P.H. in 
Denham and Olpherts sleepers. The standard length is 
36 ft.^ bu t 42 ft. ra ilB also are used. As many as 15 sleepers 
■fco th e 36 ft^ „rail length are inj^rted. Nearly half the sleepers 
in India are of sted or oast iron. The loading gauge ia 10 ft. 
.i8in. in. The Khyber Railway (1926) and the 

BoxnlM^ JSarbow Branoh 'wee& built to a new lo^wiing gauge 
12 by 16 ft. 6 in. h^, but the universal adc^icm of 
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of 5 ft. 6 in. gauge railways, British owned. The standard 
weights of rail are_^ B and 100 B, J2at bottom, in lengths of 
40 f t , now being welded by the flash-butt process into lengths 
of ,JL20 ft ^ _I['hes6 are laid on 17 Quebracho hard wood sleepers 
to the 40 ft. length, the dimensions bemg 3*74 m. by 0-24 m. 
by 0-12 m , but on electrical sections the dimensions are 
raised to 3 m. by 0*25 m. by 0*12 m. Bails are generally 
spiked direct to the sleepers, but east steel chairs with clips 
and bolts are used also, or be fastened by coachscrews. 
Stone ballast is used on sections carrjTng heavy traffic near 
the cities, but in many sections shell ba llas t, and even earth, 
has to be used. 

The 6 ft. 3 in. gauge is the standard for Ireland, Victoria 
(1864) and South Australia, and for, amongst others, the San 
Paulo Bailway of Brazil, where the track consists o f 90 lb. 
B.H. or JLOjOl ILB^n 2,415 sleepers a mile. It used to be the 
gauge in the Canterbury Province of New Zealand. The 
Victorian Bailway has rails up to 110 lb. in weight and 
welds them into lengths of 225 feet. 

The gauge used in Bussia . including the Trans-Siberian 
BaUway, is 5 ft. (1*524 metres). It is used also in Estonia, 
Latvia and Finland. The rail weight in Bussia is 86*7 lb., 
but 121 lb. rails are contemplated, on Hpft wood sleepers 
to the mile. 

18. — ^Three Feet Sis iDCh Gauge. 

This gauge (1 *067 metre) may be termed the British Tropical 
Afriioa gauge, but it was first adopted in the Union of South 
Africa in 1860, and extended when the standard gauge was 
converted in 1872-81 . It is the gauge of the Gold Coast (1898), 
Nigeria (1901), Bhodesia (1893), Nyasaland, Belgian Congo, 
Portuguese, and Sudan Bailways, while the metre gauge 
Elenya and Uganda Bailways may be converted to it. The 
general structure gauge is 14 ft. 2 in. wide by 14 ft. high, 
but in South Afirioa only 10 ft. -wide by 13 ft. high. On the 
Sudan Bailways it is 16 ft. wide by 16 ft. high. 
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This gauge is used in Central, North and West Aus^alia, 
in Queensland, Tasmania and New Zealand, since re63, 
followed by conversion from the 6 ft 3 in. and standard gauges 
in 1870. It is used also in Japan, the Netherland East Indies, 
Manila, Newfoxmdland and Jersey. 

The rail weight in British Tropical Africa is standardised 
at so lb. E.B .. but in South Afrioa^6_lh., and in Japan, 
100 lb. r r ails are used for electrified track and heavy gradients. 
' ttt West Australia ^ lb . and §£Llh..rails.are"»sed; There are 
many mile s laid with steel slaej^ers in Tropical Africa on account 
of the white ant. 

<9;^. — ^Metre Gauge. 

On the Continent of Europe this gauge is used for secondary 
and light railways, but in other parts of the world trunk 
railways have been built. In India it is possible to travel 2,061 
miles, with one break at a wagon ferry. In Burma it is the 
gauge of the State Railways. It is standard in the Federated 
Malay States, in Siam and Indo-China, and it is used in part 
of China. In Africa the railways in Kenya (1905), Uganda and 
Tanganyika, part of the Algerian Railway, and small lengths 
elsewhere, are on this gauge. In South America it is the 
principal gauge in Brazil, while there are over 30,000 miles in 
the Argentine, extending across the Andes into Chili. The 
Antofagasta and Bolivia is now on this gauge, parts of it on 
the 2 ft. 6 in. gauge having been converted. The metre gauge 
prepcmderates in Iraq and the Hedjaz Railway has been 
converted to it. 

A rail weight of 41^ lb. has been steadily raised to as much 
agJZSUb. in India and tixe Argentine. The loading gauge in 
India is 8 ft. 8 in. wide and lift. 4 in. high. 

8 1». gauge 10*75 mmite) h used in mold 
quiHie 
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lengths in systems in India and Ceylon. The Egyptian Delta 
Itadways (1897) and Sierra Leone Railway (1899) both are 
on this gauge. Heavier axle-loads are causing the weight 
of rail to be increased t o 50 lb. or_60 lb. The loading gauge in 
India is 7 ft. 8 in. wide by 10 ft. 7 in. high. 

The 2 ft. (60 cm ) gauge also has been adopted over quite 
considerable lengths in India, and a 4f> I h—rail is in use with 
8 ton axle-loads. The loading gauge in India is 7 ft. 2 in. 
wide by 9 ft. 7 in. high. 
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MAINTENANCE 

21.— Rating of Il^ack. 

Whbbbvee an analysis has been made of the number of 
man-hours required to perform a particular job efficiently, 
the cost of investigation has been fully justified by the 
economies effected. Better methods have been evolved, the 
knowledge has been passed on throughout the system, and 
the gangers are stimulated by the comparison. Analysis must 
take account of the seasonal conditions m which each opera- 
tion is carried out, and an equal out-turn cannot be expected 
in the absence of such close supervision. No two lengths of 
track, allotted to a gang under the method of equating mile- 
age by mileage alone, require the same amount of work. As 
the track wears, more and more help is required. If the 
track is unballasted an addition of two-thirds of the ordinary 
gang may be necessary, while the encroachment of dense jungle 
must be prevented. 

High speed passenger trains and frequent goods trains 
cause much more work on a mile of main line than a few 
iarains daily on a branch. There must be a certain minimum 
of labour on account of such factors as sudden storms in the 
tropics, when the men axe called upon to patrol at once. 

, Th^ factors axe common to both main and branch lines 
tmless iti^tor oars mre sup|ffied to branch line gangs, in which 
case hedf oS the:#icHcmal gai^ plus one driver may be 
reqedced. ^ ^ 

A AJrdlA. repost of 1022 took the 

figure ^ $ |or 
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milli on gross tons, and 1 for every 6,000 passenger coaches 
carried yearly by the tracks with 1 for every 8 na.p.h. running 
speed. A figxire of 100 should represent track requiring the 
most labour. On analysis of labour actually employed on 
several divisions the method worked out very well. In the 
“ Railway Engiaeer ” for June, 1929, the author analysed 
certain sections of the Eastern Bengal Railway by this 
method which seemed reasonable. 

Double track requires about IJ times, and quadruple 
track requires only 2^ to 3 times the labour required for single 
track, by this method of calculation. On smgle lines passing 
sidings may be rated at half, and other sidings in small 
yards at i of the same length of main track, as rated. A 
change of direction due to a curve, that is curved track, is 
rated m the U.S.A. at one mile to every 200 degrees of 
central angle 

Points and crossmgs giving access to sidings cause a con- 
siderable amount of extra work. One method of rating 
these, on the North Western Railway of India, is to add four 
times the actual turnout length on main lines, three times on 
branch lines, and to add twice the length in yards. The 
Author suggests a furlong for a facing point, a furlong and a 
half for a single slip, and two furlongs for a double slip. A 
trailing point is taken at half a furlong and so on, down to J 
furlong for a derail. All these distances are to be rated for 
the traffic likely to use them. The extra laboiur thus calculated 
works out considerably less than by the A.R.E.A. rating of 
one mile of main track to 12 main, or 20 other, switches, three 
double slip, or six single ^p switches. In India, for the metre 
gauge, one num may be allowed to su; switches, and, on the 
narrow gauge, to eight switches. 

The correct rating need not be argued about, but it is only 
fair, cm railways where premia are given for good upkeep, 
that snfficimit labour shall be supplied and distributed as 
ftdrfy as ^»aible. 



58 


qolb’s pbbmanbnt way 


S ^. — Distribution of Labour Force. 

The labour may be distributed in two ways. Small gangs 
may be housed at intervals aU along the track. This is 
probably the best plan in the tropics where with the better 
watch on the track legal liabihty for accident may be avoided. 
It may also be difficult to obtain occupation of the line for 
moving large concentrated gangs, with motor transport and 
mechanical tools, by the second method of maintenance, which 
is very suitable for a branch with light traffic. In any case 
the track must be regularly inspected and this causes a slight 
addition to the strength of the gang, while on sections of very 
busy traffic a special watchman may have to be added for the 
safety of the gang. 

The strength of the length gang must be fixed by the amount 
of work to be done, usually in the tropics a mile of thorough 
repair in a month. The very large yards, such as hump yards, 
should have separate gangs, partly because in case of derail, 
ment labour should be on the spot. 

In Great Britain, on the Great Western Railway, a ganger 
with a sub-ganger and four men are allotted to 2^ route miles 
or 6 miles of track including sidings. On branches 10 men 
with a motor trolley maintain 15 miles. On the L.N.E.B., 
over one division, the equation of work is carried out on a 
basis of one man to 2,500 yards of main line. Systematised 
maintenance was adopted afber the work to be done had been 
studied for two years, and evea now there is elasticity in the 
system. Certain weeks are allotted to certain classes of work, 
but fiive weeks in the year are allowed for special work, or 
weak in arrears, as endered by the Inspector. La one we^ 
the galiger is aUowed to allot the work. For four months 
in tibe Walter, on ^akordays, the Lcupeotor’s instmoriems 
am ootried out. Fuhlay allcamooQs^ tlm weak hi carried 
oat ia ymr,- Fo»^ per oent. 

oni|y la to rootkio; neeordi^ 
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to the schedule. Emergency work, however, always has 
priority. 

For eight weeks the ballast is cleaned and renewed and the 
cess is weeded and trimmed, while in another four weeks 
ditches and drains are cleaned out and the grass is cut and 
burnt. Two weeks in addition are allotted to spot-sleepering, 
but they may be put in by Inspector’s instructions. 

The track is inspected and reported on in considerable 
detail twice a year by the Inspector, once by the Chief Inspector 
and once by an Engineer. On the report form there is space 
for drawing attention to matters in which help may be required. 
One advantage of systematic maintenance is that all con- 
cerned know exactly what kind of work is in progress at a 
given time, and a smaller variety of tools has to be carried 
about. 

In France about 1 *3 men are allotted to each mile of double 
track, but where through mechanical packing by a large 
gang is the rule only six men maintain 16 miles. 

Excluding mates and keymen in India, on the broad gauge, 
2i men a mile for single main line should suffice and two per 
mile on branches, or per mile of track where it is double as 
in crossing sidings. In large yards two miles of track may 
count as one, and in small yards four miles. On the metre 
gauge, two men a mile are allowed on single main line, and 
IJ on branches. On narrow gauges, the allowance is 1| men 
a mile. 

The other method is to reduce the length gangs to the 
minimum compatible with safety and to employ large gangs, 
equipped with mechanical appliances, to go thoroughly over 
the track once a year or so. One advantage is that men do 
not have to change tools so much. The concentrated gangs 
can also do heavy renewals. In the United States a gang of 
95 men has overhauled and resleepered 65 miles in six months, 
while another gaajg of 275 men has reballasted and replaced 
*790 sleeps a mile, with a lift up to 4 in., at the rate of Sf 
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miles a week. Oareful programming all the year round is 
required, but the eflSlcienoy and equipment of the large gang 
of experienced men will probably enable a smaller number to 
be employed than the total withdrawn from the length gangs, 
who also should work with the large gangs in all but key posi- 
tions. The gangers can point out the spots where special 
attention is required, and the gang men will learn to work 
more eflioiently. 

The large gangs may be preceded by a survey section, 
measuring deflections under load, aligning the straights by 
instrument and adjusting the curves by string lining. A 
thorough repair in this manner will leave little to be done 
for a year and even more, as has been shown on the Nord 
system of the IVench National Railways, where 192 men- 
months with mechanical packing maintained the track in 
good condition for two years, against 264 men-months with 
length gangs. These were reduced from 11 men to 6. 

The strength of the length gangs can be further reduced by 
a high standard of track. At the time of great financial 
difficulty on the railways of the United States, the labour 
force was out down to the foremen only. 

In programming the work, there may be a variation in the 
number of men employed in the large gangs. The seasons 
must be taken into account, and the work reduced in harvest 
time. 

When the traffic is very heavy, delays to work become very 
frequ^t, in fact sometimes jacks are operated three times 
and have to be dropped again because trams pass. It becomes 
necessary to wwk at night, and even then long-distance and 
goods Inidzus pass, if not quite so offcoa. Oil flares are not 
aoeiylem l^hting is probably more costly 


th^ lighting-. An 8-h.p- onghm cmd d^jmamo will 

opeisitis 669 Ibet oi iamk. 

been 
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running, while trailers can carry material much more efficiently 
than material trolleys, but they have to be maintained in a 
high state of efficiency. Motor rail-cars must be given 

Authority to Proceed,” and either they must clear the 
section altogether or, if taken off the track, must be plugged 
into a connection, which will enable telephonic notification 
to be given that the track has been vacated. They should 
be held there imtil released electrically by permission of the 
Stationmaster or signalman. 

In the Argentine, on broad gauge single tracks, by the use 
of motor ears the force has been reduced by 30 per cent, and 
the surplus gangers are employed on patrolling. The cars 
are periodically overhauled by travelling mechanics, each 
having charge of about 40 cars, which draw one or two trailers 
for materials. 

Rules for the maintenance of motor-cars should be simple 
but comprehensive. Particular attention should be paid to 
the brakes, the linings of which wear out and should bo 
examined periodically to see that sufficient is left. Petrol and 
oil filters require cleaning in dusty countries. The radiator 
must be filled and kept in good shape, for overheating means 
disaster to the engine in the tropics. The battery requires 
distilled water. Gaps between ignition, distributor, and 
sparking plug points should be adjusted. 

The oars must be sufficiently large to give seating accommo- 
dation for the whole gang, one or more of whom should be able 
to face along the track so as to give warning. No one must 
sit on material carried. No one must change position with 
another, nor get off, while the car is nanuing. Tools should 
be carried in removable racks, or trays, which should be out 
of the way of the men’s feet, but easily released if the weight 
of the car has to be reduced for removal &om the track. The 
men diould be told off to each operation necessary to remove 
the oar and trailer, if any, quicidy, and understand a regular 
drill fca? doing so, preferably at a runway, ballasted (not 
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planked) up to an inch or two below railhead. The engine 
must not be running while the car is being placed on, 
or being removed from, the track. The speed must be 
limited and there must be no over-running in order to 
get to or back from work. The driver must pass the usual 
examination on the Rules and for sight and hearing. 
Trailers must be tight coupled and no towing of trollies can 
be allowed. 

A travelling fitter and instructor should be employed to 
mspect and overhaul cars at regular intervals. Records of 
performance should be kept, and the cars should be sent into 
shops just as locomotives are. 

23>yQ3uties of a Permanent Way Rispector. 

The Inspector is an important link in the chain of organisa- 
tion. He is held personally responsible for the state of the 
road. He must make it safe and elastic, as economically as 
.possible, and only when he is sure that he really has a good 
^«^d should he allow such work as dressing the ballast to a 
line. He must be thoroughly acquainted with Working Rules 
and Standard Dimensions. If a rail has to be renewed he or 
a sub-inspector must be present, and if a rail is broken he must 
send the pieces to headquarters for inspection, being careful 
to wrap the broken ends to keep them &om rusting and to 
note every mark on the rail. 

He must constantly carry and use a notebook. An account 
hast ^ be kept of material received from stcnes, laid in the line, 
or tsyken out and stacked. Scrap should be classified and kept 
hi separate heaps. This saves sorting at the depot for sale. 

* dteok £nsn time to time the stock held in his 

oacAud renewsiB, and those held by the length 
<■ 'W** be^ $xed on and 

the stoek to the 
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The Inspector must walk or trolley as often as ha can over 
the whole of his section, BhrefuUy noting all defects in his 
note-book with mile and telegraph post sites, and instructing 
the gangers to make them good. He should frequently 
travel on the locomotive, from the footplate of which he can 
detect weak places better than from a light trolley, which may 
not deflect the road sufficiently. He is provided with an 
engine-pass for this purpose. As a matter of routine he should 
watch the behaviour of the track under passing trains. 
Loose or dancing sleepers would otherwise escape his 
notice, although cracks in the ballast at either side give an 
mdication, while sometimes mud is squirted up and discloses 
a water-pocket. -Gangmen also should watch the track as it 
comes under load. 

He must stop at each gang to muster the men, to give 
orders to the ganger, and instruction to the less skilled men. 
He should also exchange worn out tools or those to be recon- 
ditioned. He should at intervals minutely examine all 
bridges and culverts, points and crossings, and observe whether 
the signals are working properly, especially at night, reporting 
poor indications to the Signal Department, and satisfying 
himself that the signal wires are free of obstruction by weeds. 
Once or twice a year he has to certify that his track is in good 
order in all these respects. He must at once report to the 
assistant engineer any defect, or developing defect, in the 
permanent way, bridges, etc., taking immediate steps on his 
own authority to restrict speed,^ if necessary. 

All accidents must be reported to the officials concerned, 
and Safety First ” must be taught to the men in carrying 
out their duties. He may find modifications desirable to the 
many hints which are given later, but he should never over- 
look a breach of ordeirs even if no accident results. A valuable 
workman is not easily replaced. 

Snfa-lnspeotora may be a link between the Inspector and 
the lefiigtii gangs, but it is certainly undesirable if the sub- 
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inspector becomes merely a link in a chain of correspondence. 
They are probably better employed for large marshalling and 
other yards, where a trolley is not required. 

The Inspector should always carry with him on the trolley 
a supply of fog-signals, two large baimer red flags, handlamps, 
a gauge and telegram book. 

When troHeying, the best plan is to look two or three rail 
lengths ahead, and in particular to watch for hogged joints, 
especially on curves at spots where the fishplates show darker 
than the rail. If one side of the track is low at a joint the 
track may look out of line, but experience wiU teach which is 
the real defect. From time to time the top table of the rails 
nearer to the trolley should be watched, because any deviation 
of the bright part of the surface indicates poor packing on one 
side or wrong cross-level. The bright side of the outer rail 
on a curve should be evenly worn, and if any bright spot 
shows on a fishplate the cause should be diagnosed. The 
Inspector can hardly be expected to stop continually and use a 
lining instrument, but he must train his eye to a high degree 
of accuracy in observation. At regular intervals he should 
check all curves. 

S4ik3f43utie8 of a Ganger. 

The ganger, whether he is called foreman or mate or by 
some other local name, is in charge of a length gang, which 
should be kept together and work under his ord^and super- 
vision on all the ordinary jobs of maintenance^^inr*tibsra:p- 
proaoh of a train the gang should move in a routine maimer so 
that there may be no collision or hurting other members with 
earelOssly carried tool|^c:£&e should never put off repairs and, 
the o^etkm <£ to<fis to be carried must include a 
He is also eaipeoted to walk akmg hu) Imigiyb 
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points and crossings, and test the supe relevati on r egularly. 
In addition he has much to attend to, to r^air fencing and 
clean out water-channelsj. points have to be greased, signals 
and signal wires on his length must be kept clear of growth, 
and grass cut and bumt^ In time of danger from flood and 
at certain other times he must be prepared to turn out the 
gang for pa troUmg. Accidents may cause an interruption of 
work, and unloading of heavy material for the operating 
department may be required, so he should try to keep some 
time in hand. The Inspector may call on his gang for work 
elsewhere. 

He is also responsible : fi)r too ls and-Tnfl.tftrin.lfl, i^rill 

include a small imprest of track components, and of these he 
must keep s ome ac count. Old, small material (not only that 
used for Permanent Way) should be salyaig^daily, and classi- 
fied in separate stacks or bins, and his capacity to do this 
well is one qualification. Salvage will reduce the chance of 
mischief. He should keep some record of the number of 
man-hours sp ent on— the. difl^^ent jobs, and report to the 
Inspector on his roimds. He should pay particular attention 
to new hands, and so should their fellow gangmen, for safety’s 
sake. 

When the allotted length is twenty miles or so on a branch 
line, he can be supplied with a motor tricycle, hght enough 
for him to remove from the track unaided. A warning, how- 
ever, is necessary. At the end of an inspection it is natural 
to desire to return at speed, but it is the habit of boys to place 
stones on a rail, or worse to hammer a spike into a wide 
expansion interval, and fatal results have followed a derail- 
ment. 

The efficiency of gangers may be stimulated by annual 
premiums, awarded on a system of marking, somewhat as 
fi^ows : 

Top.— -Lcaigitudinal level 10 ; cross level 10 ; rail seating 6. 

liae..-— Alignment 14 ; gauge 8 marks. 
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v2S. — Duties of a Wrenchzoan or Keyman. 

The keyraan on railways in the tropics relieves the mate of 
track walking and is usually given the supervision of the gang 
during the mate’s absence, receiving a slightly higher pay, 
although it is a question whether his duties make him com- 
petent for this responsibility. His principal duty, however, 
is the daily inspection of the track, walking down one side 
and returning on the other, driving loose keys, adjusting 
anchors, tightening loose bolts (see Art. 28 ), and replacing 
broken fastenings (working through his length methodically), 
besides reporting defects beyond his capacity to remedy to 
the ganger. He must pay attention to line and gauge when 
redriving loose keys on steel sleepers. He should not be 
encouraged to rush through this work and return to the gang. 
The tapping of hfted spikes is to bo deprecated, as they will 
gradually lose aU grip. His tools will be those necessary for 
the tjrpe of track in his charge, and he must carry a small 
supply of small material, because theft, mischief or even 
sabotage may be expected, detonators and banner flags to 
block the line. 

A warning regarding the issue of too long spanners is 
given elsewhere. 

In the Federated Malay States, proper patrolling is checked 
by the interchange of boards at the ends of the lengths. It 
is a question whether inspection should not be organised 
diSecently. In France the inspeotk>n is carried out by men 
unattacdted to any gang, quartered at stations, with definite 
l&ogi^ to iaspeot. It may be taken that a man can walk 
twelve miles a day, but much lorger distances can be covered 
pedal trolley, at the riik of ovedocklng scane 

H the ia^pecMon k oursried out in paks, one man am 
ike other remaku* to ji^eoteot the tamekl. 
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keep down the weight of the bicyele, tools and material should 
be carried on the person. 

The provision of a heavy type of track makes constant 
inspection less necessary, except at known points of danger, 
and an inspection once a month is considered adequate on 
some railways. In the United States, a track inspector may 
have a length of 60 miles of single and 35 miles of double 
track to patrol. He inspects all switches daily, bridges at 
frequent intervals, fills switch lamps, paints derails, delivers 
small material and supplies, and instructs the less experienced 
gangers. 

In large yards track walking is essential, there are many 
turnouts requiring special inspection, gauging, and daily 
oiling of swit<ftes, so that the patrollmg force should be 
increased 


2 ^. — ^Band and Machine Tools* 

The equipment of a length gang must depend on the class 
and standard of permanent way (and there may be many old 
types in sidings), and on whether the line is fenced or hedged, 
while a certain amount of grass-cuttiug may be required. 
The weights to be carried about should receive consideration. 
A gang of 10 men may require 194 tools of 42 different sorts. 

The following is a comprehensive list : 

Permanent Way, — ^Adzes, augers, pick-axes, baskets, 
beaters, wooden or steel, puimers for pots, chisels, clawbars, 
lifting bars or hand-jacks, sets of flags, banner flags, cases 
for hand signals and time-sheets, detonators, rail gauges, 
ballast forks, clearance gauges, keying hammers, 12 lb. sledge 
hammers, 7 lb. spiking hammers, hand hammers, ** jim- 
orowB,’* spirit levels, hand signal lamps, pharwas or mattocks, 
baJlaat r^es, chain slings and bamboos for carrying rails, 
rafl ramj®, sleeper to33gs, ballast screens, fishbolt spaxmers, 
box spanners, shovels, steraight-edge or level board, steps or 
T-square, track gauges. 
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Fencing or Clearing Weeds, etc. — Axes, billhooks, buckets, 
weeders, pruning knives, sickles, watering cans, pliers. 

Miscdlaneovc . — General Buies, tool-box, chisels, cold set, 
drifts, padlocks, oU-can, punches, ratchet brace and bits, 
Clybum spanners, goggles. 

Tools should be placed in racks or sheds after work, in- 
spected very frequently, perhaps daily, and kept in first class 
order. Track gauges are sure to become worn, and should be 
tested periodically by the Inspector. Handles if worn reduce 
the output of work and may cause accidents. Care should be 
taken that someone else does not use one discarded. I^sh- 
bolt spanners slip after wear, slewing bars become blunt and 
cannot readily get a hold in the ballast or soil below the ballast, 
sledge hammer heads become mushroomed, augers soon 
become worn and give trouble, especially if they are dropped 
about, for they are delicate tools, and adzes, if not very sharp, 
are positively dangerous. The ratchets of lifting jacks get worn. 
A system of exchange for reconditioning can be worked out, 
or the Inspector’s blacksmith sent out to sharpen the tools at 
intervals. The time lost by working with inefficient tools is 
seldom appreciated, but it has its share in increasing expenses. 

Took should not be misused. Shovek are used for leverage, 
such as for lifting sleepers when packing. Spikes are ham- 
mered m with beaters, which are of a different steel to that 
of talking hammers. Handles of spanners are forced between 
fishplates and the rail web to remove the plates for oiling. 

i^me tools require small additions for their safer use. 
Chisel hesids can be protected by a piece of brake hose about 
2 in. long, projecting ^ in. above the head. A brittle spiking 
hammer should not be used instead of a sledge. A sheath 
on the beater hindle may save wear or breakage by hitting 
the arria of the skeper. Crowbars should have mark» on them 
where they dt<mld not be held car dama^ to knuckles may 
reatedt if sj^Okes draw snddmdy. 

On eiectelfied thhihaS tcwdc mbhmr i^eevee hmy be fit^ 
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over shovel and beater handles. Shovels may have a smaller 
width, and the beaters be deprived of the pick ends, so that 
swinging tools may not cause a short circuit. Steel bars and 
steel measuring tapes may do the same. Rubber mats may 
be provided. 

Many tools are driven by machines, either in batteries or 
singly. In countries where wages are high, it may be possible 
to justify their use by comparison with the wage bill alone 
A machine hour, however, costs not only the cost of running 
but also interest, repairs and depreciation, spread over hours 
worked during the year, and hours should be kept as high as 
possible by careful programming. Overhead charges of 
20 per cent, for one shift become only 30 per cent, with two 
shifts. With a 48 hour week it will be a fair maximum to get 
2,500 hours per machine per annum. Hand tools, however, 
also involve “ overhead ” costs. The British Great Western 
Railway is unable to justify the use of machines for length 
gangs. Generally speaking it is better to use machines with 
special gangs working through, if the track can be better 
repaired so as to stand longer without attention, or if, for 
instance, a very high lift is to be given in regrading. 

Technical details may require modification. Machine 
packing is so powerful that there is a tendency to hft the track 
higher than is anticipated, and Structural Dimensions may 
be infringed. The ballast is so closely packed that there 
may be a shortage, fishbolts may be screwed up too tightly, 
if there is no overload release. One part of the organisation 
may have to stand idle, because the time taken is relatively 
too short for the other parts to keep in step. 

A machine which can be adapted to %v@ral uses is more 
likely to be profitable. Thus a fiiAbolt t%htener can be 
adapted to drilling holes and to screwing up coach-screws. 
A railsaw is likely to be much more useful in a depot. 

Madhims are noosy, and special {»tre must be taken f<Hr 
fieona; iK^iroaehhig i^ntins. 
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27. — ^Maintenance of Bails. 

On the straight, a rail will last for many years, unless the 
trafBc is very heavy indeed see Art. 37 On curves, the wear 
is very different as described in Art. 15. 

A rail which shows excessive side wear can be turned end 
for end, or better, can be exchanged with one on the opposite 
side of the track, so as to present a fresh side to the traffic, but 
if it shows excessive top wear it is best left alone. It will not 
improve matters to replace it with a new rail which has not 
been worn down at all. Rails held m imprest should be 
regularly exchanged with rails in the track so that they may 
become worn down nearly as much, otherwise the new rail 
will become badly battered at the ends, when it has to be 
laid for a replacement. 

The fact that the wear of outer and inner rails on curves 
is so different may make it advisable to transpose the inner 
and outer rails throughout the curve. Both should finally 
be relegated to secondary track. Every possible use should 
be made of a rail before it is finally classed as unserviceable, 
and even then it may pay to reroU it to a hghter section. 
Bails split at the en^ or battered beyond treatment in the 
track may be out and used as closers or check r ails,, or to 
replace short rails on straights at each end of curves. 

Ztefects in rails are most likely to develop when heavy axle 
loaib run over them at high speeds, but it must be remembered 
that quite modmate loads on wheels o f smal l can 

fiCTwh the mota ^ by imposing high stress. Stone ballast 
seems to be a contributory cause. TVs-nsverBe crar^ka on the 
'running edge occur usually on the inner rail on curves on 
heavy grades and the rail should be removed. apoi-. 

the running e^e may dev^op into a wedge shaped longi- 
^dhaal eraok. ^ BfaMtair— «« table and widening 

of the. head may a ymMeai wMdbi occqprn usually 
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and the web, usually in the inner rail on curves, will be dis- 
closed only by a mirror held at an angle, and when this just 
appears on the opposite side the rail is condemned. Shpping 
of driving wheels may cause a cup-sh aped depress ion, which is 
of no importance unless it is deep. It should not be fUUed 
up by weldmg. TransveEsa-fiasurea-inside the head, caused by 
stresses set up by the loads, can only be shown by the Sperry 
PetectoE, and are more likely to develop in high-carbon 
steel. The web may be split through the. holtrholes and the 
rail must then be replaced at once;. jgJicks caused by derail- 
ments, or by nhshits in spiking, an^ holes _drilledjp. the base 
of a rail, weaken it, and a half-moon may be cut out of the 
base by its being seated on the shoulder of the bearing plate. 
^ lap seam along the junction of the web and base is a mlling. 
(jefbet which should not have escaped detection but if one 
develops from inside the section, as may happen, the rail can 
be drilled and spliced by fish-plates. 

PattCT-which should be distinguished from droop or hogging. 
occurs at the joints and is due to the pounding of wheels 
passing over. It is shown by loss of height in the head for 
a distance o£.3 in. -on the taking-ofi end of one rail toJZJsL 
on the receiving end of the next rail. It can be noticed in 
British track under dense traffic. It may be arrested by 
attention to the fishplates which can be reconditioned by 
welding or after removal formed to a The battered 

ends may be welded up to the original section by plectric arc 
or oxy-acetylene after a loss of not more than in., and this 
can be done more than once with safely, although metal- 
lurgically it can not be approved. The whole of the battmr 
may not be due to loss of metal which may flow outwards. 
It is very bad in track on concrete, and on the inner rails on 
curves, ffle Met nbwr fiwbpln-te which has the outer plate 
finsh with the top the head may prevent batter. Batter 
ie BaMe to start at joints where thece is no expansion interval, 
lv4^«ie^]tmuo«8 welding has not tfaiaefiect. 
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On the other hand a wide expansion interYal is liable to 
cause chipping of the rail end and flow of metal. This is 
avoided by grindmg the two rail ends transversely to a V- 
shape, and this again reduces batter. The welding up of 
battered joints consists of chipping off defective metal, 
fusing on the new metal and grinding smooth. The ends may 
be heat treated in the field for 2 in, or 3 m., by raising the 
temperature to a height ascertained by p yromet ac, quenching 
with water spray, reheating to the melting point of solder 
n-Tifi allowing to cool, the whole operation taking about two 
minutes a joint, or twenty an hour. 

If a rail is broken, the first thing to do is to place flags and 
detonators to protect the track. The strongest support and 
fastenings available should be applied, and trains passed 
p.ver at slow speed until the rail can be changed The broken 
ends should then be protected from atmospheric corrosion 
by wrapping them in sacking, as airtight as possible, and sent 
to headquarters where they may be submitted to micro- 
copies examination. In the report aU details marked on the 
rail should be included, see Art. 3. 

Bails should not be changed during the heat of the day, 
espeoialiy in tihe tropics, but may even be cooled by water, if 
available. If there is any doubt, rails should be pulled 
back on eithi^ side on the day before, because it would be 
W^pardemabte to hold up trains while desperate measures 
were being tried to get the rail in. !EIshbol1s and nuts should 
be tdken out, oiled and replaced previously, so that the actual 
change may be easily and quickly done. If the rail is too 
hsmg, it may have to be out, but if only a oouple of indhes too 
long it may be spamng into poation. It is bolted to one rail, 
the spkee on the innm side of the rail beyond the gap are 
4mwm and the rails bmsed over towards ^e o^tre the 
tmol;. eauie am then Nitted togetihmr, tihe two r^ 
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the slow process of nicking all roimd the section, but it is 
difficult to do this evenly and the result is usually a jagged 
break* With P.B, rails it is necessary only to cut the foot. 
The chisel is held by long tongs, and only the hammer man 
should look at it, but both should wear goggles* A piece of 
old hosepipe over the base of the chisel will stop splinters. 
Two good nicks are made on the top of the foot and the rail 
is turned over and chocked up. Then nicks are made right 
across the bottom of the foot and the rail is broken by a hard 
blow or by applying the jim-crow, when the head will show a 
clean break. The process takes a couple of minutes with 
practice. A fishplate or bolt should not be inserted between 
the ram of the jim-crow and the rail or it may fly when the 
rail breaks. A hack saw or oxycetylene flame cut may be 
made for J in. on each side of the foot, the rail bent and 
hammered imtU it breaks. 

In some cases rails develop a series of hollows, 2 in, to 8 in. 
apart, J in. to IJ in. long by J m to | in. wide and up to 
XTs h n deep, called by some silver spots.’’ The spots, 
however, may run together in time. The exact cause is 
still rather mysterious. They have been attributed to 
rigidity of the track, or, on the other hand, to the use of brick 
ballast, but occur even where there is stone ballast. They 
may be due to small wheels of the rolhng stock, which 
develop high stress on the rail table, but the hollows develop 
also on broad gauges with larger wheels, where bearing 
pressure exceeds 600 Ib. multiplied by the diameter of the 
wheel in inches. They appear to have developed greatly in 
the United States since 1931, although previously noticed 
on the inner rails of curves of large and not of small radius. 
Slipping of driving wheels may have been the cause, for the 
wheels of a locomotive running at 76 m.p,h. have a peripheral 
spe^ of 100 m.p,h. The bad effect on a rail depends on the 
longitudinal dimension of the spot and a critical speed 
to that dimension. The noise Is highly 



74 


COIiE’S permanent WAT 


objectionable, and the vibration set up causes the track to 
deteriorate. Rails with high elongation are recommended 
for such situations. 

A good surface can be restored by mac h in i n g or by grinding. 
A special car with 12 carborundum blocks used by the London 
^ansport Board at 2 m.p.h. grinds 6,400 ft. a day, and does 
^ot entail the removal of the rails from the track. It is done 
Jht 40 m.p.h. on the Lehigh Valley. It should be done only 
once, and not on rails so worn that they would be unduly 
weakened by further reduction of the section. If rails are 
removed for machining, the sleeper spacing should be marked 
on them and they should be replaced in positions where 
they are supported at the same points, so as to avoid reversals 
of stress. 


28. — ^Maintenance of Joints) 

It has been estimated that 46 per cent, of the labour, in 
man-hours, employed in. track maintenance is expended in 
work on the rail joints. An A.R.B.A. Committee, re- 
porting in 1220 on the “Binanc ia l Aspect of Rail jEointB,” 
stated that the joint is the primary cause of rail renewal. 
The cost of raising joints with partly worn rails is twice 
ihftt of raising them with comparatively new rail. It is 
tteoeesfugr^ keep the bolts tight to maintain the strength 
of the |aipw!^ and to oil the plates and bolts, so that movement 
in expansion and contraction may be localised and not 
transmitted along the track with undesirable cumulative 
effect. This .will cause slewing of the sleepers at the joints and 
when the creep reaches a facing point the result may be 
doasixoas. Joints out of square are a probable cause of 

HOntiQg ” of the locomotive wi^ much greater lateral 
fltccMtaee ha the track and passable rterailment. It has been 
eea^eadsd that the jr&its reqiihe to he squared hy saeaswrfr® 
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of 0'000,0065 of its length per degree Fahr of rise of tempera- 
ture. A range of temperature of 100 deg. or more is quite 
possible, if not in a single day, certainly between extremes of 
temperature in winter and summer. A rail iu the track (in 
hot weather but not in cold) may have a temperature of 30® 
higher than the shade temperature. The free longitudmal 
expansion of a 40-ft. rail with a rise of 100° m temperature is 
therefore, J in., of a 120-ft. rail one inch, and in one mile, 
41 inches. A rail in the track, however, is seldom free to 
expand longitudinally. Joint restraint alone may resist 
expansion. It is equal to the area in contact multipled by 
the coefficient of friction by 30,000,000 lb. per degree Fahr. 
The rail is held by the chairs and the keys, to some extent by 
spikes, especially elastic spikes, by the coach-screws, or by 
holding-down bolts and nuts, and even by friction on the 
supports. The difference in diameter between the fishing 
holes in the rails and the fishbolts aggregates only J in. 

While the theoretically possible expansion of 90-ft. rails 
laid at an average temperature of 60° Fahr. is | in., the 
L.N.E.II, allow only f in, for expansion. In the I 1 .M.S. 
experimental F.B. track J in. was allowed in a 60 ft. length 
with anchors. An experiment by applying 75 tons per sq. in. 
pressure by jacks to a length of 240 ft. of B.H. track on the 
London Undergroxmd Railways showed no movement at 50 ft. 
from the jacks or beyond that distance. On the Lehigh 
Valley Railroad, 138 lb. F.B. rails in 66 ft. lengths were laid 
practically tight at the joints at a temperature not exceeding 
40° Fahr. They did not buckle up to a temperature of 100°. 
The track was lifted in the hottest weather without a kink 
devdoping. Anchors, however, were applied. In a mib of 
continuous G.E.O. tiack longitudmal movements were only 
^ in, contraction and in. in expansion, with a maximiun 
lateral movement of § in. between temperatures of 5° and 77“ 
Fahr. It is held that all longitudinal expansion occurs in the 
40 ft. nearest the joint of a long welded length. On the othmr 
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hand, if freedom is allowed by the fastenings, fishbolts may 
be shorn in. cold weather if the rail has been hot when laid. 
This may occur also if only one joint out of many is free to 
allow movement. 

Tfigh compression, however, may cause sudden buckling of 
the track, if the sleepers are not well bedded and held m place 
by the ballast. The spot method of renewal of sleepers 
appears better calculated to resist this deformation. In new 
track or in through renewal the sooner the ballast or even soil 
is thrown in round the sleepers the better. It is very desirable 
that the rail shall be laid at a time of mean temperature.when 
a further expansion of not more than J in. is to be expected. 
The rail should be quickly secured in its place by rail anchors 
near the centre of the rail, even if some of them are afterwards 
removed, the slee|ers against which the anchors abut being 
well bedded. The track should be gone over once or twice 
and intervals adjusted. 

The rail may move if the nuts of fishbolts are loosened, but, 
if not, the nuts should be slackened on one side of the joint 
and the rail driven by hammering against the fishplates. A 
rail swung in slings may be launched against the plate by hand 
o^may be hung from the jib of a crane. Anchors must, of 
course, be removed if they bear against sleepers so as to 
prevent driving. These rather rough methods can be improved 
ucmig a Bailpuller, with a lever and ratchet, or by a stronger 
device with a tom screw. 

Bolt t^htenis^ saves wear cmd tear at joints, and is better 
done by a special gang cmoe or twice a year, depending on the 
volnme of txafiSio. All the bolts should be tightened to the 


same tmsdoaa, beoatme if ms bolt is t<K> tight other bolts will 
be loose. Irregular ttdaioa in difitomnt joints encourages 
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show how much the nut should be screwed up The joint 
may be raised shghtly when tightening. It is immaterial 
that all nuts should show the same position. Tightness not 
neatness is required. The nut should always be unscrewed a 
quarter turn first, and the spanner pulled upwards so that no 
accident may happen if it comes off the nut. The feet should 
not be placed across the rail, or rupture may follow. 

Tightening, however, is positively harmful if the fishplates 
are much worn. It draws the rail ends down and increases 
the trouble. It is no remedy to apply new fishplates to rails 
worn under the head. One remedy is to use tapered shims 
between the top of the fishplate and the top fishing-plane of the 
rail. Wear on the lower fishing-plane is usually slight. In 
some cases the plate is so much worn that metal has flowed 
mto the expansion interval and the shim should have a notch 
in it to accommodate this excrescence. Shims are made of 
spring steel from 9 in, upwards in length and in 4 thicknesses, 
from to in. The depth is calculated by the void below 
a straight edge along the top table adding to this the void 
under the bottom of the plate. They should be placed by a 
special gang, at the same time as the annual oiling. 

Another remedy is to reconditQpn the plates by heating 
and drop stamping, making them ^ in. deeper than specifica- 
tion, and to give them a camber upwards of about ^ in, at 
the top and ^ in. at the bottom. They should not be used 
with new rails in the hope that low joints will be avoided. 
Nor does packing higher than necessary always cure hogged 
joints, while extra packing of the receiving joint sleeper 
causes hammering of the rail end on that side. Hogged 
joints may be improved by light packing of intennediate 
sleepers up to the quarter rail length. 

It should be routine practice to oil fishplates and bolts 
penodically, espeoiaUy the fishing planes, A mixture 
recommended is 1 lb, df graphite to 16 gallons of reclaimed 
engme dOi« but any heavy oil with m asphalt base is suitable^ 
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Advantage may be taken to adjust the expansion intervals 
and square up rail joints. After oiling, the two centres and 
then the other bolts must be tightened to fuU pressure, 
and any loosening should be made visible, by a tell tale mark, 
so that only loose bolts will receive the attentions of the 
wrenchman and he wiU not overstrain others. A screwing 
machine can deal with 100 joints (four bolts) an hour. A 
ratchet spanner should save time. Provision to replace 
damaged bolts must be made. 

The space between the fishplates and the web may be filled 
with cinders or dust, and this must be removed. Cinders and 
brine drip combined cause galvanic action. If the space is 
clean, oiling can be done by a grease gun or a spray from a 
tank on a trolley. An anti-rust plaster composition of wood- 
fiour and oil can be packed without removal of the plates. 

The advice to unscrew the nuts a quarter turn on every 
occasion before tightening should avoid rusting of the threads 
and render the removal of the plates easy. In some cases it 
may be necessary to knock ofi the nuts and the ends of the 
bolts with a sledge hammer. A spiking hammer must not 
be used. The bolts may be out by an oxy-acetylene flame in 
obstinate oases. 

When replacing the p|^ j, the two centre bolts should bo 
tight«9ed first. Then tne^ mer plate should be driven in at 
the bottom, and the oth^ bolts tightened. Next, the ititiat 
pdbte should again be driven in and then the outside plate, 
bofore final tightening of all the bolhs. The same routiae is 
app&oabie if the bolts are tightened by power. After four 
or five days the bolts should be tightened again, and onoe 
more after about three weeks. Tim length of spanner is 
always oal<mlated so that ezoessivBi sh^ not be induced 
tm eatemdcm leogyi, by a of 1 ^, Ibr ernmple. 

««« be aBtiwsd. I&s final letgeeOi aUptmi i« hy on© 
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Fishplates usually fail at the top, a crack developing over 
the hole nearest the taking-ojS end of the rail. They break 
under the joint itself. Combination fishplates, to join rails 
of differing section, tend to straighten under the load and to 
lift the lighter rail. Sleepers at these joints must be kept 
thoroughly well packed. 

Jl£. — Packing. 

Packing is the principal work of a length gang, but it does 
not consist solely of tamping the ballast to make a firm bed 
for the sleepers. The top of the rails has to be restored to 
the proper grade, cross-level and line, including the curves 
and the superelevation on them. Simultaneously, therefore, 
tile low spots must be lifted, and advantage may be taken 
of the opening out to renew “ spot ” sleepers, kinks must be 
straightened out, and the ballast may be screened. Begauging 
and the reconditioning of sleepers at the holes for the fasten- 
ings, and the driving of the fastenings a little further into the 
sleepers may be imdertaken separately or at the same tune. 

A wooden sleeper road should be opened out after the winter 
or the rainy season so that the sleepers may be air-conditioned 
to some extent. The track shoi^Jd not be opened out for 
long lengths in the hottest weathpr, because it may buckle 
or move the sleepers slightly /ff their beds. High lifts 
involve a chance of buckling unless the ballast is thrown in 
again quickly. Disturbance of the track should be reduced 
to a TniTiiTimTiTn and is destructive to wooden sleepers. If the 
sleeper spacing at joints is close it is useless to open the 
track there. It is better to lift and roughly pack early in the 
day, finishing and lining later. The ballast must be thrown 
in before leaving work, because it may not be possible to gat 
back to the same spot tiie next morning. The ballast section 
also should be restored, specially the shoulders on which the 
lateral stability of the track depends. Too much time need 
not be spent on the ballast line along the fcomation, but 
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neatness has a good effect on the men in encouragement to 
good work. Any shortness of ballaet can be met by keeping 
the centre of the ballast section hollow, and this will avoid 
centre-binding of the sleepers. 

The top on the road while it is under no load gives no true 
indication of cavities between the under sides of the sleepers 
B.T>d the ballast. The only possible way of ascertaining if 
these exist is to observe the depression under loadmg, by eye, 
or better still by self-recording devices. 

Such an instrument is the “ Dansometer ” or “ Voidmeter ” 
devised by M. Lemaire on the Nord system of the Erenoh 
National Railways. As a train passes over, the sleeper is 
depressed, a spring forces a rod to follow the movement and 
a split ring moves higher up the rod, so that the distance of 
the ring from the upper side of the socket measures the de- 
pression of the sleeper under load. 

It is obviously not practicable to place these instruments 
on every sleeper, but an estimate is made of the sleeper with 
the greatest void in a batch by sounding with a rod, weighing 
16 lb., dropped firom a height of a foot on the ends of the 
sleepers, and a hollow sound shows if there is deficiency in 
the padbing. All 8Uoh^.^pers are marked but the instru- 
ments are applied only middle one of five or to two out 

of a larger number in a l^toh. On curves all the voidmeters 
dbould be applied on the-inner side. The voids tmder the 
ressalaing sleepers are <nily estnnated and the calculation run 
out to ssero. It takes a short time cmly to place the instru- 
numts and otlmr wm-k can be done until a tram has passed over. 

An ot h e r automatic instrument, not available to the length 
gaiiger is ^ Ballade I^»ick Recorder, which can be installed in 
asoty ooadh cr oomparfcnaent of a train, and record the reactions 
of the tradk mnier load m a roH ci The operator can 

reeaed'whens4leiM»sts«s^'ath)Mrpoi^ a£e passed, 

'A deSsate insktu- 
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A simple device, which can be made automatic, is the Track 
Superelevation Recorder (Tyer and Co),, on a small hand 
trolley, drawn by two men, on which is a swinging pointer 
moving over a scale, which indicates the differences in cross- 
level on the straights also. A magnifjring mirror, set low 
down, in another device enables the inspection of the web 
and imderside of the rail head. 

At rail joints, on bridge approaches, and level crossings, 
mechanical packmg is advised, so that such places may not 
require frequent work. On gravel ballast a small allowance 
may be made for sinkage, more on cinders and more again 
on earth. Dancing sleepers, indicated by cracks in the 
ballast along the sleepers, must receive immediate attention, 
and, if mud is present, drainage also requires attention. Every 
tram must be causing excessive stress in the rad, which will 
have a shorter life. 

After ascertainmg the unstable spots in the track, the top 
must bo graded. This can be done by a small spirit-level 
instrument between the high spots, but the usual method is 
to employ a height-board or target, and sighting-boards. 
The height-board is long enough to stretch across the track, 
and may be fitted with feet to steady it. It is about 8 in. 
deep with a white line painted on it about 6 in. from the 
bottom. The sighting boards are of the same height as the 
white line and about 6 in. wide. It is, of course, necessary to 
stoop or lie down, unless both height and sighting boards 
are raised on supports to a higher, but always the same, 
level. The height board is carefully cross-levelLed by lifting 
the low rail at a high spot not further than 120 ft. from the 
observer, who aligns the top of his sight board, also placed at 
a high spot, on the white line, and directs a man to move the 
other sighting board along the rail, usually at joints and 
middles. The observer can thus determine the hollows in the 
rail top. If lifting the outer rail on a curve, the height board 
is brCH^^t to the level by using the stepped cant board on the 
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lower raU. It is not advisable to observe from a distance, 
because the omvature makes it difficult to determine the 
exact relation between the boards. It is, on the whole, better 
to work along the lower rail and to give the required super- 
elevation to the outer rail, especially if there are approach 


curves. 

It is theoretically better to lift the end of the sleeper, so as 
to make sure that there is no slack between the rail and its 
seat on chair, bearing plate, or sleeper. This lift can be made 
by a long wooden lever, or a crowbar (not a lining bar), and a 
wooden block as a fulcrum. The gangmen must not sit on 
the lever. The road is first stripped of sufficient ballast to 
avoid the chance of drawing the fastenings. Only one man 
using a mattock or ballast fork to clear out the ballast should 
be allowed in one sleeper space at one time. 

If, however, the tightness of the fastenings is assured, much 
less labour and trouble is involved by usiog a track jack on a 
wooden block which is seated on the ballast bed. It is well 
to take some trouble over the seating, or the jack may slip 
off, and, if the lift is not vertical, the hne will be thrown out. 
The jacks may be applied at the joints and centres, or, if 
the rail is light, at the joints and thirds. If reconditioned 
fi^jdates have been applied jacks should be applied at 
quarters and not at the joints. The operator should be given 
an indloation. the amount of the lift, and place the jack 
otit»de the rail except when grading the hmer rail of a curve, 
where the outside position would interfere with the sighting, 
or along high platforms where the lever could not be worked. 


In tihese caaes the tra(^ should be protected by danger flags. 
The won of ^ jack ts worked by a ratchet and should have a 
quick so tJiat the jack does not cany the train load, 

iS'one ikouM ecsneahns^ but the bar slmnld 4(6 a^moved after 


the hft and not left Mp with a of faffing over 

and aaiM^.-^ taka ca?© 


MAINTEKAITCE 


83 


blocks may be used to release the Jacks as soon as possible. 
It is often advisable to apply the jacks in pairs to the two rails, 
one operator watching the signs of the ganger and the other 
operator watching the levelling board. One or two men may 
accompany the jack operators to give a rough packing to the 
lifted sleepers. 

The road is not yet m proper condition, because the sleepers 
on either side of the one lifted must have cavities under them. 
Whether the joints have to be lifted or not, the joint sleepers 
and those on either side of them should be well packed, except 
where the meaaui*ed packing system is in use. They should 
have first attention when ballast is renewed. 

It is not advisable, when lifting a low joint, to raise it 
above the proper level, in the expectation that it may settle. 
It will settle more under the traffic if it is high, and mean- 
while a high joint will give bad running imtil it does settle. 
The remedy for a joint which settles after lifting is to give it 
another lift and better packing, or to search for conditions 
which cause persistent settlement. 

Beater packing is always followed by some settlement, 
and therefore a general lift of half an inch or so is desirable if 
the gang is put on to through packing. It frequently leads 
to slight shortage of ballast, but lining becomes easier. Higher 
lifts are usually reckoned to involve an amount of work pro- 
portional to the amoimt of the lift, a hft of 2 in. causing double 
the work of a lift of 1 in. The maximum generally allowed at 
one time is 3 in., subject to the capacity of the track jacks, 
a second lift following after thorough packing, and settlement 
under traffic. On curves the lift should not exceed ^ in, at a 
time, owing to risk of derailment, and the possibility of end 
binding of the sleepers on the inner side must be realised if 
the outer rail has to be raised. With mechanical track lifters 
and packing, a lift of 10 in. haa been made, and the line opened 
for fast traffic in a very short spa<^ of time. The settlement 
erf the baliaat is reckon^ to be only a quarter of that following 
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beater packing. Usually the first lifts are better packed by 
hand. 

The lift should be made from a lower to a higher level on 
single line, and in the direction of running on a double line. 
A shorter run-off can be allowed than on the run-up, which 
may be at the rate of J in. in a rail length or conform to 
practice on transition curves, or at the rate of 1 in. in the 
number of feet equal to train speed in m.p.h. 

Simultaneously with the lifting of low spots along one rail, 
the board and spirit level must be in constant use to bring 
the other rail into cross-level. On omwes a stepped board is 
placed on the lower rail and the level board placed on the 
required step to give the necessaiy cant. It is not possible 
to give a fine adjustment of cant between differences of J in 
on the stepped board, but it is much more important to make 
the cant equal all rotmd the circular curve. The cross-level 
can be varied only at differences of \ in. on the run-up of the 
cant on a transition curve, and these spots should be i)er- 
manently marked. They will not necessarily coincide with 
the most convenient places for gauging the alignment of the 
transition (Art. 63). 

Packing may be by beater, made of steel for stone and other 
hard ballast, or of wood for earth or sand ballast. The ballast 
must be removed below the bottom of the sleeper and care 
taken not to damage the sleeper, especially if it has been 
treated.* The bottom becomes rounded and the sleeper is 
Mable to rook, la I^ter packing two men work together, 
fhmng oj^oelte ways, one on either side of rail. They drive 
the ladlBst under the Eteepmr for not more than 16 in. inside 
the lasil and ISS in. outside, taking care not to make the 
ide^por oeaufre m end bound. The beater musit not be raised 
BtA a jj^dk, Imt worked with a rhytfasne morion* the handle 
belnig raised akowa the hoihsQnifd pogSlidn. 
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sleepers apart. In through packing two pairs may pack 
four or six sleepers near and including the joint, and two pairs 
the intermediate sleepers, which do not require so much 
packing. With close sleeper spacing at the joints both 
sleepers should be packed as a single-sleeper. Having packed 
one way they turn about and finish the process. On double 
track more work should be put in towards an approaching 
train inside, and away JBrom a train on the outside of, the rail. 
Adequate packing is shown by a dull, not a hollow, sound when 
the beater is used as a rammer on the surface of the sleeper, 
or an experienced man can tell by walking over the sleepers 
one by one near the rail. 

In mechanical packing also the men work in pairs, and the 
outside man must be careful not to disturb the shoulder of 
the ballast. Mechanical packmg has a tendency to induce 
a general lift of the road, and in the course of time the limits 
of Structural Dimensions may be infringed, or ballast may 
fall short- It is a difficult matter to lower a road. Mechanical 
packing is less destructive to the sleeper as the blows come on 
the tool and not on the sleeper, but uses up the ballast by 
breaking it into dust. A Collet 8-tool unit can pack three 
sleepers a minute in gravel ballast using 9 gallons of petrol 
per 1,000 sleepers. A wider blade is used for gravel. 

For steel sleepers mechanical packing is unsuitable. 
Beater packing must be used to force the ballast into the 
inverted trough, unless the track is jacked up so much as 
to be able to receive the fine ballast used in measured shovel 
packing. The ballast tends to creep to the middle and should 
be loosened. Pot sleepers are usually packed by punning 
fine stuff through holes In the top, but sometimes the pots 
‘‘ blow,’" that is the packing runs out. In such a case, small 
ballast should be carefully beaten in roimd the rim, fine stuff 
poured in through the holes and watered and then punned. If 
day has been used this should be broken up in dry weather 
or the pot may s]^t. Pot sleepers should be entirely re- 
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packed with fresh stuff tlirough a rail length, even after a 
spot renewal, and particularly attention must be paid to 
rectifying any tilt in the pots. This may be disclosed by 
uneven markings on the top table of the rail. The rails 
should be unkeyed and lifted off the seats which should be 
scraped and cleaned, before reseatmg and rekeying the rail 
Lifting under the pot run before rebaUasting will remedy the 
tilt. Lining must be done simultaneously. 

Plate sleepers also should be packed right through a rail 
length, if any low spot develops, or an even bearing on aU 
sleepers cannot be assured, with the result that the road 
becomes full of hogged rails. Here again, there may be a tilt 
on the plate, and one man of the pair may have to pack more 
firmly than the other. Shovel packing is possible with more 
disturbance of ballast. A second packing after the passage 
of a train is desirable. 

Packing the ballast with shovels mstead of beaters was 
introduced on the L.N.W.R. in 1908, but has been much 
improved by methods devised on the Nord system of the 
Ptenoh National Railways, extended over other systems, and 
in this form is in wide use on British Railways also since 
about 1935, in eonneotion with the measurement of voids by 
the ** dcmscnneter,” and even without it. Chippings of very 
hard stcme are u^d, and although at first a proportion will be 
absorbed in the larger ballast, in time a measured quantity 
vriH give a ealoulated lift, and a solid bed under the sleeper. 

expeKSQomt, the quantity required to make a given lift 
can be asemtained, and a oontaoner of standard measurement 
made. The ballast between the sleepers is raked out partially, 
jaat mKwgih to ^ve aooess tmder the rail seat and fear a foot 
or 15 in. on each ^e. The sltovdi is laid flat, car may have 
a goose ne^/* and the nsquMte quan^y bs pomred on to it 
and m rail is inised 
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gauge the necessary quantity without recourse to the con- 
tainer. A gang of six men can pack about 160 yds. a day, 
but it is advisable to go over the length again in about a week, 
since the low spots may have become high spots, being better 
packed The method takes longer than ordinary shovel 
packing, but lasts much longer, at least half as long again, and 
the running is much improved. It is not suitable until 
the track, laid or relaid, has thoroughly settled down. 
Alternate sleeper spaces may be left open and pairs of 
sleepers tied together. The method is not suitable for gravel 
ballast, or if a lift of over 1 1 in. is made, when beaters must be 
used. 

Another method of packing with small stuff is to use a sort 
of trowel, which can be made out of an old cross-cut saw blade, 
about 34 in long and 4 in. wide, fitted with a trowel handle. 
Only the ends of the sleeper need be opened to the bottom, 
the lift is made, and the chippings inserted on the blade and 
spread. This tool enables packing to be done well mside the 
rail. The chippings must be dry or they will bind on the 
blade. > 

80. — lining and Regauging. 

Lining is necessary to bring the track into true straights 
and curves, as well as possible, and for very high speeds is 
most important. The parallehsm of the rails should bo checked 
by measuring diagonals between four points, because bogie 
wheels run much better on parallel rails. A track out of 
line is sure to throw out the surface and cross level and even 
the gauge. Side wear of the rails is encouraged. Where 
monuments do not exist it is best to take the true centres and 
levels from the bridges and culverts. Lining is usnally done 
by eye, but on curves the method of string lining has been 
worked out, and is dealt with in Art. 31 . 

Thera is a light track lining transit theodolite, but, if one 
of these cannot be supplied to the ordinary ganger, he can 
be a set of ranging boards. 
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It should be routine practice always to line one rail, and 
gauge irregularities will be disclosed on the other. On curves 
the outer rail will be bned. 

Lining is done with straight bars, pointed at one end, or 
both, so that they can be driven into and through the ballast, 
to obtain a fulcrum. It is easier to slew the track if a slight 
lift is applied at the same tune, and the angle at which the 
bars should be driven is about the same as that of the slopes 
of the banks, about 30“, or one in two. The number of men 
must depend on the weight of track to be slewed, but a special 
track liner reduces the number. The track must be lifted 
first, because it is impossible to line if there are low spots in 
the rail, and possibly a shift may necessitate further packing 

Safety First demands some care m handhng lining bars by a 
gangman. When driving it into ballast he should look to 
the feet or position of the other men. When linmg he should 
not straddle the bar, which may cause rupture, nor should 
two men heave with it. Bars should never be left l 3 nng about, 
but driven vertically into the formation to a sufficient depth 
to ensure that they will not fall over. They should not be 
used to turn rails over by invertion in the fishbolt holes. A 
rail fork is the right tool. Bara should be inspected for 
ooraeks, espedally after they have been used to tirm the jim- 
crow. 


The ganger should stand at some distance from the work, 
witii the sun at his back, for first lining, moving up closer 

for final sighting with a reduced number of men. Sight- 
ing becomes difioult if the bright surface of the rail is broken 
by uneven wear, car if shadnws lie across the rail. It is an-sier 
<m a dtouciy day, qae early in the moraing in the tropics. The 
«y«e be rested from twue to time. On eurvea he should 
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ganger, and make short heaves so that the rail is moved over 
gradually. One rail only is slewed, and the other will be 
correct if the gauge is correct, but the ganger should look to 
this when the one rail is truly lined, although regauging may 
be deferred. 

When slewing steel sleepers of the dished type, it will be 
necessary for one or more men to loosen the ballast under the 
ends with the pick end of the beater before slewing and to 
pack one end lightly after slewing, so that the sleeper retains 
a grip on the ballast. With plate sleepers the ballast must be 
loosened on the sides of the fins towards the direction of 
slewing and packed on the other side after slewing. The 
slewing of pot sleepers must be done as part of the general 
overhaul. 

After lining, the cleaned ballast is thrown in and tidied up. 
The toe line of the slope should be dressed because this has a 
good psychological effect on the gangmen, and on passengers, 
but it IS possible to spend too much time over the dressing. 

Regauging is an operation which shotild be done right 
through a length, at a time when the track is not opened out, 
and it may require a certain amount of reconditioning of 
wooden sleepers. It is more important where the gauge is 
tight, owing to compression of the sleeper seats. 

Irregular gauge is worse than uniformly tight or wide gauge. 
It causes lurching of the vehicles, and increased lateral stresses 
in the track. Wide gauge may be due to side wear on the 
rail head, always on curves, to canting of the rail or bearing 
plate outwards, or to movement outwards of the bearing 
plate or rail base, which may out the spike heads. Indepen- 
dent fastenings of the plate to the sleeper, or gauge ties on 
curves, will avoid the operation of the last two causes. Tight 
gauge is due to the foot of the rail cutting into the sleeper, or 
because the bearing plate cuts in on account of insufficient 
bearing surface inside the rail, or because the rail foot has cut 
into the throat of the dc^pikos holding it to gauge, by wave 
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motion in the rail. If sleepers get slewed the gauge is tightened 
and the same amount of slew at one end will have a greater 


effect on narrow gauges. 

In regauging on wooden sleepers, where spikes or ooach- 
Bcrews are used, it will be necessary to draw the spikes with 
a crowbar, or preferably with a vertical puller, or to un- 
screw the screw spikes, to bore new holes, and to drive the 
spikes into them. If readzing of the seats is necessary, 
broken spikes must be driven right in with a pimch. If the 
crowbar will not engage the head of a dogspike force must not 
be used to launch or hammer the bar against the spike head, 
but an adze should be used. When drawing spikes on the 
inside of a rail, the hand should not be placed on the crow- 
bar at a point where the bar would hit the other rail, and 
bruise the knuckles, if the spike should draw out suddenly. 
The danger area may be marked on the bar. The gangman 
should not sit on, or pull towards himself, but bear down jfrom 
the side of, the crowbar, which will require more pressure to 
start the spike and less as it is being drawn. Where F.B. rails 
are seated direct on the sleeper, there is some choice of positions 
for the spikes, and the sleeper can be moved transversely by 
adzing a new seat, provided that risk of splitting of the sleeper 
is avoided, and the relative positions of the spikes counteract 
any t«idenoy of the sleeper to slew. The gauging must be 
I in. sbM^, ax^ the first trmn will seat the rail properly. 

Where beaxisg plates are used, new positions for the spikes 
nmy be avsdiable, unless more than two spikes are used, on 
ooarvee, for example. If the plates ar§ attached to the sleeper 
by ee^srate spikes, the bearing plate must be shifted. This 
reqtEira ebj e el l in g of the seat if stepped or oomtgated 
are tuted. It is best to plug aE old holes, with hollow 



aiAIKTENAIirCE 


91 


rubber, with a higher melting temperature, and greater 
holduig power. Another preparation, Phylplug is plastic 
and easier to apply, being wetted and rolled and tamped mto 
the hole where it soon sets hard Where screwspikes have 
lost their hold, but the gaugmg is satisfactory, Metospir 
V section strips of metal can be wound on a mandril of the 
same pitch and screwed into the holes. The mandril is then 
unscrewed and the screwspike replaced. 

On curves the outer rail will be, or should be, string lined, 
and the inner rail may develop a lip. Therefore, re-gauging 
should be done from the outer rail, but is seldom really 
necessary. 

The gauge depends on proper spiking, and it must be a 

Safety First ” rule that spiking must never be done over 
the rail head, but always on the same side. If the spilce is 
not set vertically in the bored hole, there is little chance of 
true driving. The rail gauge must be placed across the rails 
as near as possible and watched by another man during the 
driving. 

A power spike driving machine with magazine clips is 
likely to justify its use on heavy renewals or construction only. 

— Cuirve Bealignment. 

The importance of maintaining curves in good alignment 
has been stressed in Art. 15. On the older railways transition 
curves were not inserted at both ends of the circular portion. 
Gangers may have eased over a portion of the straights, butt 
not to a true spiral curve, and parts of the circular portion 
have been slewed to a radius smaller than in other parts. 
Structures may now make it impossible to slew the whole 
oursre to an ideal form but, although the new curve may have 
compound radii, the transition firom one radius to another 
must be made gradual. If the radii differ appreciably in two 
successive rail Ibogths excessive lateral stresses are set up. 
gkoaU distortionB have a worse effect on curves of large radius. 
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A quarter of an inch of variation increases a 30 minute curve 
to a 45 minute curve. 

In practised hands a theodohte can be used, but requires 
probably the work of an engineer, whose time is liuuted. 
Another instrument, Trotter’s “ Curve Ranger,” is entirely 
suitable if the tangent points of the circular portion are fixed, 
since, once it is set, a ganger can use it. It is, however, 
standard practice to use the method of measuring and adjust- 
ing the middle ordinates, or versines, of overlapping chords 
of equal length. The method is called String Lining. The 
measurements can be taken by a ganger, although the cor- 
rections will propably have to be worked out, or at least, 
approved, by an engineer. 

The measurements should commence and end on the 
straights some distance beyond the curve. They must be 
made along the outer rail and at the bottom of the side of the 
head, if the rail is worn. Owing to gauge widening, intentional 
or otherwise, the inner rail does not follow the same curve. 
The curve should not be touched after the measurements 
until further orders. It is convenient to measure the over- 
lapping chords over a length of two rails. The method of 
laying rails on curves recommended in Art. 60, ensures that 
the rail lengths in the outer rail are equal, but if not the chord 
lengths can be marked with greasy chalk. A string length of 
90 ft. is pi^haps the maximum, and it should not be less than 
60 ft,, except <hi outvm of small radius on narrow gauges. 

iialf-oh<B:d togths also must be identifiable, not only 
b^ause the oh<sds commence here but also because the slews 
wiQ ha made at these stations, which should be numbered. 
Mohats must be driven opposite ^e stations at half gauge 
fpom the outar r«dl, not necsesarify between the rails. 
A h*«d didten in the head ed the ploket g^vas erwater precision 
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ment of the versiaes appreciably, but may be allowed for in 
driving the brad into the picket* 

The string should be as thin as possible, consistent with the 
strength necessary to resist uniform strong tension, and it 
must be marked with the chord length and the half-chord 
length. The umt for versine measurement should be small, 
in., or «\y in. for curves of large radius. Entries are booked 
in units, i.e. in. = 13 or 26 units. It is easier to adjust 
with small units, even if it is not so easy to slew to exact 
measurements. Methods of calculation are given in Art. 64. 
While making the measurements, notes should be taken 
of aU structures, sine© these may limit the amount of 
slew. The direction of measurement must be recorded, and 
whether the curve is right or left-handed in that direction, 
with mileages and telegraph posts for identification of the 
curve. 

The overlapping chords may miss the worst distortion of 
the curve. An automatic machine has been devised by two 
Erench engineers on the Est Railway. The versme measure- 
ment is continuous and recorded on paper. Gauge widening 
also is recorded, while a pendulum shows variations in cant 
or loosely packed sleepers. 

When the adjustments have bean calculated, the curve can 
be slewed by offsets from the pickets originally driven, or 
from fresh pickets. These can be replaced by permanent and 
properly maintained monuments. Care must be taken in the 
design so that they shall not move and they may well record 
the proper cant also. They may be set at such a distance that 
the track gauge cjan be used to find the correct position of the 
outer edge of the outer rail, and the level board to obtain 
its gradient. The position of conductor rails may be a factor 
in determining the positions of the monuments* 

— Casual Sleeper BenewaL 

However carefol the selection of wooden sleepers may have 
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been, some have to come out in a year or two, while the num- 
bers may be expected to increase steadily. 

The usual oatise for a sleeper breaking under the rail seat 
is excessive packing outside the rail, so that the sleeper has a 
longer span insufSciently supported. This is particularly 
liable to happen on a curve if the outer rail is lifted to restore 
the superelevation. A sleeper broken in this way shows 
the end protruding above the ballast, but a dark discolora- 
tion at the rail seat is suspicious. A sleeper failiag under the 
seat can be tested by a lever applied under the end, using a 
beater as a fulcrum and pumping the lever up and down. 
Sleepers often show longitudinal cracks and even fissures 
between the rails, and a longer hfe may be obtained by treat- 
ing them with creosote, which is not so effective as when under 
pressure but nevertheless arrests decay. 

In about 20 per cent, of sleepers the fastenings lose their 
grip and they should be tested for holding power periodically. 
This can be done with a light hammer, although it is more 
difficult to do than with rivets or bolts, where the fingers can 
be held against one end. 

Sleepers should be r^ularly inspected during every occasion 
of opemxg out and those seen to be failing should be marked, 
left exposed, and receive specaal attention. Opening out 
after the rcdny season will air-condition them. Motives of 
eocmomy and avoidance of disturbance of the bedding should 
d^er the removal of a sleeper for as long a time as possible, 
suh|eQt Always to consideration of safety. £)ven a broken 
sleeper xteed not necessarily be removed. Foresight is espeoi- 
aSj neoesaaxy if the through packing is done at long intervals. 
Otmdamnatjon id^ould be more severe on ouryes. It is toler- 
al^ certain that tiie estimate of the ganger wiH out down 
hoghar antitmity* and* th^re&*xe, he peeseiat for ocht- 
oady ^hose wifidh are qv&» ^vlcusly worn out. 
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be considered imperative, while if there are 20 per cent, they 
may be deferred for two years Joint sleepers may be ex- 
pected to fail earher, being lifted off their seats by rail wave, 
and should be exchanged for others or have priority in replace- 
ment. It is seldom possible (or desirable on main lines) to 
turn a sleeper over, because damage from beaters must be 
expected. It is important to open out weU when packing to 
reduce this. 

The best time for the casual renewal of sleepers is obviously 
at the times of through packing, but these may be at long 
intervals and supply caxmot always be arranged to coincide, 
otherwise the sleepers on arrival must be stacked and not 
allowed to lie about and to absorb the germs of fungoid decay. 
Creosoted sleepers should be put in at once or they may lose 
their value. It is easier to arrange supply if large gangs 
are employed, but they are not economical if only fifty sleepers 
a mile require renewal. The material tram can move slowly 
while men on the wagons unload, by sliding not tipping, the 
right number per rail length according to marks chalked on a 
sleeper in the track. The cess should be clear of men. If 
two wagons are unloaded at a time the proper number is not 
likely to be in deficiency for want of time. Some persons 
Have a sensitive skin and should use vaseline or oil on the 
hands, wear goggles and use tonga when handling creosoted 
sleepers. If the ballast is to be beaten up for bedding, it 
should be loosened with the pick end of the beater, but if 
shovel packing is in force it should not be disturbed, except in 
the centte and outside parts of the track, to remove the 
possibility of centre and end binding. 

In F.B. track, an old wooden sleeper must be cleared of 
ballast on both sides and one end, the spikes drawn, the rail 
lifted slightly (not with an adze) so that bearing plates can be 
removed, and the sleeper drawn out to the side by tongs. 
To use a pick may spoil a sleeper serviceable in sidings. It is 
wicked to use a pick to ptill in new wooden sleepers. Even a 
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maul may bruise the treated shell. A spacer has been devised 
which grips the rail head and levers the sleeper sideways. 
Steel sleepers can be drawn out or in by using tongs under the 
bent down ends. Only a few sleepers at a time should be 
inserted in casual renewal and they should be packed at once, 
because less stress is developed in the rail and the ganger can 
never tell if some emergent call may not upset his plans from 
packing later. It does not matter so much if the spikes have 
not been driven before a train passes over a single inserted 
sleeper. 

Chairs must be put on to a B.H. rail and keyed in position, 
before the sleeper is slid in with sleeper tongs. Bearing plates 
can be placed loose on the sleeper, which is packed until the 
plate is in contact with the rail. The casual renewal of 
steel sleepers should be rare, but the rail should be lifted 
sufficiently, before the keys or clips are removed, to draw them 
out sideways into the sleeper space, and thus disturb the 
bedding as little as possible. The same advice applies to plate 
sleepers, to lift the rails until the 6ns are out of the ballast. 
They are easier to deal with if the ties between the elements 
are detached beforehand. Pots may be canted into place, 
but probably little time will be lost by taking out the rail by 
rail forks, fitting over the section, and replacing it. This will 
give an opportunity of cleaning the rail seats of all the pots 
thoroughly. 

Ckmdemned woodm sleepers, removed from the track, 
may be piled in stacks, at a distance from the line and from 
each other. Earth should be thrown on the top, and the 
ground euroond olemed of grass and rubbish liable to catch 
fire frcan sparks from a passing locomotive. It is not worth 
while to Impend much lahour cm them unlsim there is a good 
demand fbr firewood. Steel sle^>erB oontume to rust when 
xraaic^red and shonM be io t^boksd that mm! oM them, 
w lam tfsmp 



MAIHTENAWOB 


97 


^.Sd^Cleanmg BaUasi;. 


The cleaning of ballast is not a question of good appearance 
only. Foul ballast causes centre binding of sleepers. The 
winds blow dust into the interstices, and form pockets which 
may turn to mud in wet weather. The soil makes a rooting 
ground for weeds, which hold moisture and mtroduce fungoid 
growth in wooden sleepers, it encourages white ants, and 
causes corrosion in metal sleepers. Dead weeds may cause 
fire. Drainage m the ballast is spoilt and, if weeds he on the 
rail, traction effort is lessened. There is actually a bad 
psychological effect on the maintenance staff, who are 
discouraged by having to deal with the weeds continuously. 
In the F.M.S. an extra man per length gang has to be allowed 
for weeding. 

Dust is a nuisance in hot dry areas. There is less dust 
raised if the top of the ballast is kept an inch below sleeper 
level but the only real remedy is to lay it with a film of heavy 
road oil, at some cost, from a train. The rail head does not 
escape spraying, and must be sanded to prevent slipping of 
the driving wheels. 

Hand cleaning of the ballast by the length gangs is not 
very effective and can only be done between the sleepers. 
One space is cleared, the ballast in the next is loosened to well 
below the sleeper, and thrown with ballast forks into the 
empty space. The dirt and screenings left are shovelled out 
on to the cess and the next space is dealt with. There is a 
small machine to stand on the cess, into which the ballast 
may be thrown, screened, and returned by a shoot to the 
space between sleepers. For pot and plate sleepers hand 
cleaning is the only method. 

Heohanical cleaning is better done on a large scale, but 
some equipment deals only with baUast outside the sleepers 
or between the tracks. Ballast between the sleepers must be 
thrown out by hand. A mole or scoop on each side of a 
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train transfers the ballast to conveyors and screens, returns 
the cleaned ballast to place and keeps the dirt in wagons 
or shoots it on to the slopes. To deal with ballast between 
n.nH under the sleepers is difficult. On the Nord system of 
the French Nation^ railways, arrangement is made to raise 
the track itself. 

On heavy grades, many cinders are dropped, up to 40 per 
cent, of the volume of the ballast interstices. A considerable 
quantity can be removed by vacuum cleaning. Dirty gravel 
cannot be cleaned by screening. 

Ballast is not entirely effective unless the drainage 

of the formation receives attention. Water under the track 
is a great enemy, and increases the cost of maintenance. 
Side-drains, therefore, must periodically be cleaned out and 
the vegetation destroyed. The slope must be kept regular, 
because changes in slope cause silting after rain, and the time 
for attention is just before the rainy season or the season for 
thunderstorms. The level of the beds must be below the 
range of capillary action to the formation tmder the track. 
Oross drainage pipes should not be located under rail joints, 
be laid well down, and have a diameter of not less than 6 in. 
Sumps at short intervals will enable cleaning of the pipes by 
flexible rods. Sometimes a bulge in a bank slope indicates 
the presence of a water pocket. If no water is found on drain- 
fiog, the cause may be inability of the soil to cany the load. 
Sfbs outalde tiie ends of the sleepers may be a cure, other- 
wise the fcomation width should be increased. Drainage 
ahmg ladder hranks in large yards is very necessary. 

To be effioieat, weeding must be done just before the weeds, 
.iHw aaatter &esh seed all over the track. It is 

impoei^lhle for the leaagth gan^ to de^ with the weeds 
may be xe^pdred year. Hand 
fsiSliise the adMee of a 
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remedy is ohemioal treatment. Burning, by a spray of oil, 
may be useful on the sides of the ballast and the slopes of the 
formation, if they are not left protected by the vegetation 
against side- wash in time of flood. Slopes cleared of vegeta- 
tion dry out by evaporation, and stability is increased. 

Chemical treatment is used in many countries. Sodium 
chlorate suflocates the vegetation. In a very short time the 
plants wilt. Sodium chlorate, however, is dangerous because 
there is a risk of fire. A spark from a nail in the boot, or from 
the locomotive, is sufficient to cause a fire, and where the 
chemical is used alone elaborate rules have to be drawn up 
for its use. In Great Britain, where all the four railways use 
chemical treatment, the sodium chlorate is mixed with 
calcium chloride, and the mixture is safe. It may be applied 
in powder form with sand in situations where application in 
solution is prohibited by electrification cables, or in solution 
from a tank on a trolley, or from a tram. The solution must 
be atomised by pressure. It does not harm the protective 
coating of steel sleepers, but the rail should be shielded m 
case slipping sjiould occur on the wet rail. 

— ^Maintenance of Foinis and Crossing. 

The weak places should be thoroughly appreciated by a study 
of Chapter lY. The gauge and level board must be used 
continually. 

Approaching the turnout from the facing direction, the 
track should be examined for signs of creep, and the rails 
pulled back before it become excessive. The joint betwemi 
ordinary track and stock rails should be well packed, and an 
extra amount of ballast at this point is very desirable. All 
through the turnout extra ballast is really necessary to give 
good drmnage and to prevent “ dancing sleepers.” This 
applies to laddar tra<^ also, and drainage pipes may be laid 
under the ballast. 

turnout is used mucdi in the ttailiog direction, a 
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straight tongtie, and one stock rail in advance of the switch, is 
bound to develop wear, which may extend for 20 ft. from the 
erid of the turnout curve. In facing points, wear commences 
a little behind the toe of the tongue, where the wheels are 
first deflected by the action of the tongue «md flange clearance 
is eliminated. The opposite stock rail develops wear on the 
top table, due to abrasion caused by slipping of wheels. The 
packing of the sleeper at the toe of the tongue, therefore, 
requires particular care. The tongue should fit accurately 
when closed, and sometimes flow of metal in the top table of 
the stock rail prevents this. The gape in the open switches 
should be tested on both sides. 

If the toe of the tongue is damaged by chipping of the top, 
thiH may be due to one of several reasons. The tongue may 
not fit exactly against all the studs through the web of the 
stock rail, so that it is bent laterally at the toe, when side 
pressure comes on the tongue. This may be tested by opening 
and closing the pomta and by taking impressions of the bearing 
of the studs on the web of the tongue. Bolts and cotters 
should be tightened. The toe of the tongue may lift vertically, 
because slidechairs supporting it may not be level through- 
out. This may be ascertained by trying to maert a knife 
blade between the bottom of the tongue and aU the slidechairs. 
The damage is especially likely to arise if the slidechairs 
nearest to the heel are too high, and packing under the heel 
is defective. The eaqpansion interval may be too large and 
the fishplates will bend in consequence. The spacing of the 
sitepers, up to the heel of the tongue iudnsive, should be 
timkad. The two or three behind the planing should be 
apatiood doady with straight F.B. switches, because the 
the fioot of die stock rail may weaken the strength, 
so noceasaxy if die sUdechains, which must 
ho carry dm tongoa of a differing 
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be examined and the clearances checked Any sign of rubbing 
on the heel of the tongue, or on the fishplates, should be traced 
to the cause. A large expansion interval at the joint will 
indicate that the tongue has been driven forward by blows 
from wheels trailing through the points. All bolts should be 
tightened up, but in order that the bolts through the fish- 
plates and the heel of the tongue may not be over-tightened, 
thereby preventing the proper lateral throw of the tongue, 
hollow washers may be inserted so that the bolts can be 
tightened up fully and not by guess work. 

The turnout curve should be checked, either by offsets 
from a straight rail, or by offsets from the chord. In either 
case these should be worked out and recorded m the Inspector’s 
notebook. The gauging will be tested throughout and any 
signs of excessive wear of the outer lead rail, or elsewhere, 
win be noted. The cant, if any is given, will also be checked, 
and, if this is given by sloping the sleepers, particular care 
must be taken over the packing, or they may break. The 
sleepers at the crossings and at the toes of switches usually 
fail first, and should be replaced directly they show signs, 
because it is too risky to wait. New sleepers help the old 
ones to stand the stress, but perhaps it is better to renew all. 
The main line rails cut into the sleepers more than the turn- 
out rails, and may cause fouling of gear on vehicles. 

The crossing requires particular attention. 

In facing turnouts the train tends to drive the V away 
from the points and towards the points in trailing turnouts. 
These movements tend to cancel out if the turnout is con- 
stantly traversed in opx)osite directions. Movement affects 
the gauge and is likely to cause a knock at the crossing. The 
tightness of keys, bolts and rivets, especially in facing crossings, 
the correct position of tapered washers, any signs of tilting of 
the component rails, movement of the spUce rail, rubbing of 
the wing rails near the throat, or of the sides of the nose, and 
abrasion of the top of the point rail advancing towards the 
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nose, all should be noted. The clearances between the nose 
a^iri the wingrails, and the vertical clearance between worn 
rails and crossing chairs or distance blocks must be checked. 
A measurer, with blades 150 to the inch, makes it possible 
to take sections where the wing rails are scored by the traffic. 
Motion over the turnout curve, in a facing direction, is likely 
to wear the splice rail and motion in a trailmg direction 
wears the rail opposite the commencement of the curve 
Liners may be required on the crossing chairs or bearing 
plates. 

The gauging of the track on both sides of the nose, and the 
clearances throughout the check and guard rails should be 
measured. The A.E..E.A. has designed a limit gauge for the 
purpose. The distance from the rubbing edge of the check 
rail to the edge of the nose must not be less than the 
distance from the inner side of one wheel flange to the outer 
side of the other wheel flange by more than J in. It may 
be necessary to use distance blocks of smaller width to 
bring the worn check rail nearer to the rail to which it is 
attached, subject to the standard clearance, and perhaps 
to plane the foot of the running rail. Any widening 
necessary on a short turnout curve to accommodate a long 
driving wheel base must not affect the tolerance in guard 
rail gauge. 

Such a comprehensive examination is not practical more 
ihan perhaps twice a year, but it will enable the Inspector 
fri xeoognise the causes of undue wear and to remedy them 
If neoessaiy, before taking action, the Signal and 
liittetiiiDdkiag Department will warned to have a represen- 
ts#ve pieeent, 

of depositing metal by welding on worn 
is common. A welded crossing is 
» itaw ope, and the ixroeess may be repeated 
iia cost, if a oconpetent 

’ iiPiOe^ howevesr, 



MAnraBNANCB 


ms 


skilled men are hard to find in some coimtries, and since F.B. 
crossings tend to develop loose bolts, it is better in such 
circumstances to remove worn crossings to a central depot 
for welding and general overhaul. 



CHAPTER III 


BBLAYING AND LAYING 

35.'— General Bemailis. 

Logically, the operation of laying should have come first, 
as in previous Editions. The competition of road transport, 
however, has reduced the building of new railways, and many 
miles have been abandoned. It is possible to envisage cir- 
cumstances in which the rapid laying of a new railway may 
be of the greatest importance, and Permanent Way men 
should bear this in mind. Such an operation will be better 
performed if the details of maintenance are first mastered. 
In relaying, an existing track is available for distribution of 
material along the track in readiness for laying from the side. 
When laying a new railway the material has to be brought 
up to the end of the section already laid, and the “ telescopic ” 
sj^m must be used. Extreme rapidity in laying must be 
secondary in importance to the workmanship which will get 
tile track into the best possible shape, and keep it up to 
demands made upon it. This applies also to relaying. 

P!he amount of renewals annually required will vary, 
During' tiie first few years the defective material is gradually 
iflsedsd (Hit in the course of maintenance. During a second 
period the mmwal will be comparatively light. Then, as the 
imm oflhh of <me or other description of material is approached 
leaary so^traerdiaaJiy renewals will lie required. Special 
be deSfflifaed aswaoh whoa they involve 
'|y|» oi porinsMit way for that 
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Railways use about two million tons yearly or about half a 
cubic foot per lineal foot of running track, assuming that 
practically none is put into sidings* These railways are not 
heavily ballasted compared with practice in the United States. 

— Occupation ol Track. 

There is a definite advantage in obtaining occupation of 
the track for long periods, a week or more, in any sort of 
renewal, and this is the practice in Germany. This can be 
arranged in consultation with the Operating Department. 
Time will be saved in waiting for blocks to be applied or 
removed, in making closures between the relaid and old track, 
and, if power machinery is used, by continuous operation 
While waiting for occupation, it is possible to employ labour 
in other operations which do not involve breaking the track, 
but frequent changes in work inevitably mean less efficiency. 

A train with a tracklayer may be used both for removing 
and for relaying, of the type of the Morris on the L.N.E R , 
or a pair of such trains may be used, one for picking up the 
old track ap.d the other for laying the new. A cantilever 
girder projects over the track, and a travelling crane on the 
girder picks up the track complete. Owing to limits of 
Structural Dimensions it is necessary in Britain to saw off 
the ends of wooden sleepers, longer than 8 ft. 6 in , by machine, 
and for the same reason the Morris cannot operate with 60 ft. 
lengths on curves of less than 2,649 ft. radius, or with pre- 
curved rails or where the cant exceeds 2 J in. The lifted track 
is run back to a second crane, running along platform wagons 
for stacking, and the second crane feeds a length of new track 
to the cantilever crane. 

If there is a double line availablo, by diversion of traffic to 
slow lines of a four-track section, the problem is made easier, 
gantay wa^pms in pairs removii^ the old and relaying the 
pre-aseamlbl&ii track, or working with two material trains. 
Itaring of occupation of eight hours in the night on 
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the Nord system of the IVench National Railways, nearly 
2,000 ft. were relaid, the whole of the ballast being cleaned 
also before the new track was laid, and packed by machine 
so thoroughly that within twelve hours of obtaining occupa- 
tion the track was fit for 60 m.p.h. 

Shorter lengths may be relaid between trains, or by can- 
celling goods trains, with less elaborate plant. Much can be 
done by light cranes with jibs, mounted on caterpillar tracks, 
or running on the rails and readily removable. With a crane, 
in Germany, four men laid 120 rails an hour against 60 with 
20 men. On the Nord Section of the French Railways the 
new rails are laid unfished near the ends of the sleepers to a 
gauge of 2.30 m. With rail levers and rollers 4 men can 
manipulate a 47 kg. rail 24 m. long weighing a ton. The new 
rails are temporarily spiked and used to carry gantries which 
lift the old raUs and enable them to be fixed to Diplorriea 
(see Art. 39), The new rails are then drawn in to gauge on 
the same sleepers, which have been reconditioned. 

Where continuous casual sleeper renewal is the practice, 
the rail only will be renewed. If the rail is of a heavier 
section than that in use, the sleepers will have to be readzed, 
much preferably by machine, travelling on temporary rails or 
elMzmdbs. Oare must be taken to take out a couple of inches 
df ballast &om. the spaces between sleepers and to clean the 
rail — HOT betffing plate-seat thoroughly, and to drive down 
i^ihes witimst Iraado. Men must wear goggles or be careful 
to tom tteir fiwoes oyay while passing. There is no need to 
lf% track after railcelaymg. On the contrary, the sleepers 
sot he tMirbed, creep may result, and the gauge 
wPswia o«t. 
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10.000. 000 tons carried, with an average of 0 2 lb. per yard 
per annum. This should give a life of fifty years before the 
rails woidd be condemned for loss of weight of 10 lb. per yard 
on 100 lb. B H. Electrification made little difference. In the 
U S.A, heavier rails are expected to stand the carriage of 

200.000. 000 tons of traflBc. Fumes in tunnels or industria] 
areas have a bad effect, and electrification may cause side 
wear. Replacement of rails in straight track, apart firom any 
due to defects, is usually made because the rail is insufficiently 
strong to carry increased axle loads, but may be due to 
** batter ” near the joints (see Art. 27) . Worn ends may be cut 
off to obtain shorter rails. Metal, however, which has been 
subjected to alternate stresses in one position is not 
necessarily in a condition to resist different stresses over 
differently placed supports. 

On curves the wear of the top table is supplemented by side 
wear, which scoops away the corner of the head to a curve, 
assuming more or less the profiOLe of the wheel flange, modified 
by the angle at which the flange meets the rail. The slope 
of the worn side may become inclined at 30° to the vertical. 
A combination of heavy grades and sharp curvature causes 
heavy wear, due to slipping of the wheels and braking, and 
the wear may be very uneven, if the curvature is irregular. 

If the gauge becomes wide, the wheels sway from side to 
jside and the rough part of the tread wears down the top of 
the table more than the inner and polished part of the tread. 
Batter is particularly noticeable on the lower rail on curves, 
and is absent from the outer rail. To increase the inward tilt 
of the inner rail, where there is much cant, is no remedy, 
because the outer part of the wheel tread bears on the outer 
comer of the table and increases the stress. 

On the Bombay Harbour Branch rails on one curve lost 
7| lb. per yard in Sf months. There was recbson to believe 
that new v^eels wear© the rails badly until the wheels them- 
selves h^!f 6 &m 0 worn. On the broad gauge in India generally. 
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wear becomes serious on 4° curves, on the metre gauge at 7®, 
nnri on the 2 ft. 6 in. gauge at 10®. On the Sudan Bailways 
of 3 ft. 6 in. gauge 64 per cent, of the allowable loss occurred 
on a 4® curve in fom years. 

Oiling or greasing curves reduces wear appreciably, from 
one third to one ninth. On a 1,360 ft. radius curve on the 
G.I P., equal parts of point grease and graphite reduced wear 
to one half. 

The absolute limit of wear on the head table is when the 
flanges of the wheels are within close proximity to the heads of 
the fishbolts, but before that the moment of inertia of the rail 
section may have been so reduced that the rail is too weak to 
carry the load without excessive deflection. This may have 
occurred by sidewear on a curve, and on the Est Bailway in 
France, the rule for condemnation includes limits of both top 
table wear and side wear. The area may be reduced by about 
one sq. in., which is the limit elsewhere. 

It is, therefore, desirable to employ means for taking a 
profile of the worn rail while it is still in the track. One 
method is to use lead strips, about 18 in. long by J by J in., 
which can be bent by hand or lightly tapped into contact 
with the rail section. The strip is then divided by a chisel 
n^tr the centre of the top table, and the two parts drawn 
apart. They are then re-assembled on a small drawing board 
and the outhne fraced. This method gives a slightly greater 
seotkm than tiiat of the rail. 

Chi the Great Western Bailway of England, taking side 
Wsm hato account, on both sides if the rail has been turned, 
atweidard 86 B.H. rail is condemned for main track when 
ika^hfcCd in by 10 lb. where axle loads exceed 22| tons, 

16 Bi. lor # uainiranm of 18| tons, and 22 lb. for lighter axle 
Jci#B in the bioad gauge in India and 


BELAYISrO AND LAYING 


109 


renewals become more numerous. Of imtreated sleepers 
67 per cent fail eventually by decay, while only 40 per cent 
of treated sleepers fad from this cause. Some 20 per cent, 
fad owing to loss of grip by the fastenings. Mechanical wear 
is slower than physical decay. 

In Great Britain the average age of treated sleepers under 
chairs is about 22 years with another ten years in sidings. 
Broad and metre gauge sal sleepers last 12 to 15 years in India. 
In the Federated Malay States the average life is 14 years, but 
some sleepers of a batch may last out for 23J years, that is to 
say, one and two-thirds times the average life. A similar 
result has been observed in the United States, where renewals 
by the time the average hfe is reached aggregate sixty per cent. 
Sleepers cannot be expected to have the same life on sharp 
curves, where frequent regaugmg and transposition of rails 
are necessary. 

The life of steel sleepers in favourable conditions may be 
taken at 35 years, but some have lasted for nearly fifty, and 
the hfe of cast iron sleepers at a hrmdred years. This does not 
apply to the steel cross-bars, or to st^l fastenings of these 
sleepers. Steel sleepers are more liable to fail at the joints. 

— ^Preparation of Material in Depot. 

Much depends on the careful sorting and preparation of 
material in depot, and the Inspector at railhead must keep 
the depot informed of progrei^ and of any special requirements. 
The exact requirement for each curve should be worked out 
beforehand in detail. The recommendations in Art. 60 are 
designed so that on curves the least amount of work shall be 
done in the field. 

Bails should be carefully measured and sorted into pairs or 
stacks of the same length, with the arrows on the web aU 
pointing the same way. Starred rails may be specisdly 
painted. A crane with one driver and three men can handle 
20,000 feet a day. It will be necessary to cut some rails. 
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especially for points and crossings, and for this purpose a 
rail-sawing machine may be installed Again, it may be 
necessary to bend rails on a Une with much sharp curvature. 
A drilling machine is an advantage when curves have to be 
check-railed, for level-crossing rails, and for points and crossing 
“ lead ” rails. A pneumatic drill will make a J hole in 
30 seconds, and a | hole in 15 seconds. 

Fishplates should be oiled, even if loosely attached to rail 
ends. 

Fishbolts should be opened out, cleaned, and oiled before 
bemg sent out. 

Wooden sleepers have to be adzed and bored (Fig. 6), and 
though this can be done by hand (a carpenter and assistant 
can do 50 a day), an adzing and boring machine will do it 
better. Such a machine can do 600 to 800 sleepers in 10 hours. 
Some, if not all, of the chairs on a chaired road will be fixed 
in depot ; bearing-plates also, if they have separate fasten- 
ings, may be fixed. Sleepers for use on curves may have 
double spike holes bored on the inside. For use with hard- 
wood sleepers, dpg-spikes may be oUed or tallowed. 

Steel sleepers, of the type shown in Mg. 3, should be 
assembled with bolts, washers and clips complete, ready to 
turn into position to tiekten up. 

— ^Material drains. 

Matociai and ballast train ohaiges may be considered as 
labonr, and the charges should be kept as low as possible by 
oaxeM pn^snamming or ocoupaMon of the track in consultation 
with the Running Departments. Young engineers and 
Pannaatent Way Jnspectcas are apt to think that material 
baOat^ trains cost nothing, although they are fully oonsoioos 
eoe^ of labonr staadmg idle. Programming has^xeduoed 
baHaat trwb-da^ hy 3? pea:* omt. 

OaneM ha, to of unh^ 
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ropes attached to sleepers, with hooks engaging in the fishbolt 
holes, from raU wagons at the rear of the train. Welded 
rails as long as 300 feet have been dealt with in this way. 
Sleepers should be loaded transversely, but secured, and can 
thus be slid off, as the train moves slowly along, from two or 
three consecutive wagons, otherwise there will hardly be time 
to do so. A sleeper should be laid cross-wise on which the 
others can be slid, and will prevent bruising. The top ones 
in the piles require more care, and fewer men can be employed 
on the job while they are being unloaded. It is easy to drop 
out a couple of pairs of fishplates and their bolts, but other 
fastenings should be bundled or sacked for ready handling. 
The organisation of the unloading laboiir is worth while. 

The unloadmg gang proceeds to distribute the material 
along the track, so as to save as much time as possible in 
relaying. It is particularly necessary to do this before 
relaying points and crossings. 

The new material is next laid out on one side, so as to 
leave room for throwing out the old material on the other. 
Any rails which have been sagged by careless handling are 
straightened in a portable rail-press. All are laid out in pairs, 
in two straight hues, at the edge of the ballast, the ends 
nearly touching, with the proper clearance for expansion 
between them, so that the new rails occupy the exact length 
required right along the line. Rail ramps enable six men to 
handle 60 ft. 95 lb. B.H, rails across a rail or track. Six men 
on either side can tilt the rail into chairs. Two men only can 
do so with liffrail jacks. It takes twenty men with 
tongs to lift and carry 46 ft. 96 lb. rails. Carriers have been 
designed with which four men can carry a chaired sleeper, 
otherwise an awkward load. Opposite the centre of each 
pair of rails are collected the proper complement of sleepers, 
two pairs of fishplates, and eight fishbolts. The smaller 
material is placed in convraient positions. Centre p^s are 
driven and carcwss-marked so as to preserve the alignment. 
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A form of material train is the Diplory, as used in France. 
This is drawn by a petrol car. Low rail gantries carry double 
rail lengths, already plated, and these can be traversed to be 
lowered into position. Low wagons carry the sleepers, there 
is a car for fastenings, and four ballast hoppers. The capacity 
18 650 feet of track, A small tram of this sort can run out and 
back quickly from a siding at a station. The material train 
IS unloaded at the station, but, of course, there is double 
handling. The Diplory train can also pick up old material, 
the rails having been turned in to the middle of the track 
over special ramps. 

The old material must be picked up after relaying, except 
possibly old wooden sleepers, and some of these will still be 
serviceable. It is possible to train a gang of strong men to 
throw rails on to wagons by word of command. It is better 
to use a crane or to draw them on by wire ropes, taken round 
a bollard on a wagon and attached to holdfasts, but the leading 
ends must be lifted. Thirty-two rails in an hour can be loaded 
in this way. Sleepers can be drawn on by tongs until the 
stacks get too high on the wagon. Small material can be 
thrown up. It is specially necessary to pick up small material 
because of the risk of mischief. All used material should be 
run into a reconditioning depot, where it can be sorted and 
dealt with. Great sairlngs have been efieoted in this way. 

isk — ^Illeihod o! BenewaL 

In Fngkmd it is advisabk on double track to relay against 
the ^reclaon of traffic, so that braking of trains for the 
aeoeesaryinetridaon of speed may come on the old track and 

Two-thirds of a mile can be 
relaid to m Smsdays or by nights. 

Ittolway, only one or two % ft, 
raH itoy’’# work b^bg 36 
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labour entirely Moll be obtained fi’om the description of an 
actual piece of work in India, 

A length of F B. rails on wooden sleepers is to be taken out 
and replaced by F.B. rails of heavier section on steel trough 
sleepers with double keys and clips. 

There should be telephonic communication with the 
stations on either side The mspector has to let a tram pass 
before breaking the road, and must finish the job before the 
next train. Meanwhile some men are engaged on the road 
relaid previously. 

Gangs are strippmg the ballast from the road which is 
to be renewed to-day, removing all but two fishbolts at 
each joint, chijiping sleepers to raUseat level, so that the 
claw-bars may grip the heads of the spikes, easing the spikes. 
Boys are engaged in picking up the fastenings which have 
been taken out, oiling fishbolts, chalk markuig the sleeper 
distances to a gauge on the new rails, etc. 

After the last train has been passed (at restricted speed 
previously notified) over the partly dismantled road, bamier 
flags are stretched across at both ends and detonators placed. 
The closers connecting the old and new rails are removed and 
trolleyed to the further end, the remaining fishbolts are taken 
out, and the outer spikes are drawn. 

The old rails are then pinched out, lifted off with the rail- 
nippers or tongs, and deposited on the side opposite to that 
on which the new rails are lying. It is not advisable to leave 
the joints fished and to turn out a long length of rail. It may 
save time to do so, but it is more costly to unfi sh a long length 
on the cess. 

The sleepers, which often stick on the old bed, are tipped 
up with light pinch-bars slipped under the spike-heads left in, 
or with picks. .They may then be drawn by sleeper tongs 
and laid on the slope of the embankment, top-side uppermost, 
so that the remaining spikes may be drawn at leisure. 

After removing the old wooden sleepers, the ballast, now 
I 
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five inelies low, is dressed and loosened so that the new steel 
sleepers can be pressed in by rolling with a light locomotive. 
Care must be taken to pack the ends of the renewed length to 
the prescribed approach slope. New graded ballast is then 
dropped to bring the sleepers up to the old level, if necessary, 
and the lift is made on the new ballast, the old ballast from 
between the old sleepers being thrown in after the final 
packing. In Germany the ballast is rolled with a motor 
roller before moulding transverse ridges. Another method 
is to form longitudinal and wider ridges, but the old baUast 
is hardly likely to be suitable for these. Advantage may be 
taken of this opening out to clean the old ballast. 

The new steel sleepers are then placed, and the right hand 
rails. An expansion-wedge is inserted between the ends, and 
the rail driven close up. One of the keys at each joint must 
always be driven before the fishplates are fitted on, as it 
cannot afterwards be driven from the fishplate side The 
opposite rails are then levered on to the sleepers. 

The wrenchmen now half-fish the joints with two bolts (or 
even one if there is much press for time) to hold the wedges 
in. They check the squareness of the joints with a set-square, 
and the expansion- wedges are allowed to remain in until the 
fishplates have been completely bolted up for a distance of 
eight CHT ten rail-lengths ahead by the following wrenchmen. 

The keys are then driven, after the alignment of the sleepers 
has be^ very carefully checked. Anchors are then applied. 
TIte track is closed at the end by a pair of short rail lengths, 
drilled aii each end, and fishM with plates, the bolt holes of 
which have be^ slotted to allow a little play. This joint 
should be suj^H^ted cm a sleepcHr temporarily. Another 
devise to use an old pair c£ switches which allow some 
ad^uriasM^ is suitable for wooden rieepers only, to 

theswittdies eaa be li^&ed tempcsrarily. 

delay to the fraia at the last 
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^ 4l. — O rganisation of Oan^. 

It is impossible in ordinary rela 3 dng operations to tell off 
men for one particular task throughout, as may be done in 
laying new track. It is necessary to divide the work 
mto three parts. First the whole gang will be employed on 
preparing to break the track, when the time comes, or in 
improving the track previously relaid. Next, the old material 
must be dismantled and thrown to one side, and thirdly, the 
new material must be linked in. 

The preliminary work has already been divided into the 
following tasks : — 

A. Driving centre line pegs, and cross-marking them, to 

preserve the alignment. 

B. Laying out the rails in pairs. 

C. Placing sleepers in the right proportion per rail length. 

D. Placmg fishplates and bolts, and fastenings in the 

right numbers for each rail length. 

E. Collecting tools in position. 

F. Baking out ballast to bottom of sleeper. 

G. Dealing with old material. 

The work on previously relaid track is : — 

H. Packing with new ballast. 

I. Final straightening. 

J. FiiUy spanning up fishbolts. 

K. Throwing in ballast. 

L. Collecting and stacking old material. 

These gangs will not be available for the relaying work. 

The gangs for breaking track will be districted to the 
following tasks, in such strength as will ensure their com- 
pleting their tasks in time to take up their tasks in relaying. 
This requires care in calculation. 

A. Unfishing bolts. 

B. Breaking jammed bolts. 
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0. Clearing over-driven spike heads with adzes or chisels. 

D. Drawing spikes or screws. 

E. Throwing out rails. 

E. Turning over sleepers. 

G. Drawing out sleepers. 

H. Breaking up and dressing bed for new sleepers. 

1. Spacing and aligning new sleepers, roughly. 

J. Boys collecting fastenings. 

The sleeper gangs will not be required if the system of 
continuous casual renewal of sleepers is in force, and the rails 
are not of heavier section, in which case mechanical adzers 
should be used. On the other hand, new holes may have to 
be bored, or spike holes re-conditioned m wooden, or washers 
changed on steel, sleepers. 

The gangs for relaying the track include : — 

A. Placing rails on sleepers. 

B. Inserting expansion irons and rough straightening. 

C. Half fishing and oilmg joints, and lining rails. 

D. FuU bolting joints. 

E. Marking rads for sleeper spacing. 

E. Spacing and aligning sleepers correctly. 

G. Applying anchors. 

H. Spiking leading rails. 

I. Spiking wooden sleepers and gauging opposite rails. 

J. Boys distributing spikes. 

K. Oloaer gang. 

L. Packing and lining. 

Th^ W01 be in addition : — 

B igastoffl a, with temporary restriction signals and banner 
flags. 

l^belcwnitl^ carpmtms, and helpers. 
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'42. — ^Lifting and Packing Gangs. 

These will undertake the operations of straightening, lifting 
and packing directly the track is relaid. 

The first lifting gang will level up the joints and centres 
of rails up to 33 ft. with quarters also up to 60 ft. The second 
party will pick up and cross-level the intomiediate sleepen^ 

The packing will be by beater, as described in Art. 29. i 

The rails should be in line and level before the fishbolts 
are tightened up ; the strain of brmging into exact position 
two adjoining rail-ends should not bo thrown upon the fish- 
plates and fastenings. 

A 

— Layii^ New Bailwasrs. 

Where a temporary railway is laid for leadmg cuttmg 
spoil mto bank, and especially on double Imes, the con- 
tractor’s line is used to bring up the material and relaying 
methods are employed. On single lines the ‘‘ telescopic ” 
method is employed. A certain amount of material is thrown 
oS, the material train is drawn back, the material is laid and 
linked, and the train is moved forward over the newly laid 
track so that the process can be repeated. To avoid the 
continual see-sawing of the train, and to economise labour, 
the track-laying machine has been adopted. It was found 
especially useful on the Trans-Australian Railway, wheio 
two miles and forty chains were laid on the best day, and two 
miles a day in the best week. The device is a material con- 
veyor. A jib projects &om the leading wagon (which carries 
most of the fastenings, vices, anvils, etc.) and conveyors 
run along the sides of the wagons to the ends, supported by 
the jib. Rails are delivered on one side and sleepers on the 
other, the ccmveyor on this side being curved out slightly. 
The train moves continually forward at a very slow speed. 

Remarkable results have been attained by good organisa- 
Mon with hand labour alone, feeding from the train. On 
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May 28th, 1869, on the Central Pacific Railroad, 2,250 (short) 
tons of material were laid in 10 miles and 200 ft. The 
remarkable feature was that the same eight Irisimien handled 
3,250 rails in this one day, or about 1,000 tons. Pour men 
were told off to a 30-ft. rail weighing 70 lb. per yard. 

Laymg by hand, if the considerable numbers required are 
available, is probably economical compared with lajing by 
machine, or by the use of mechanical transport, as indicated 
later, but the element of time saved may be the controlling 
factor. 

The preliminary preparation of material in depot has been 
dealt with in Art. 38. The great question is how to marshal 
the train on which the material is loaded so that it may be 
conveyed jfrom the train to the formation. The rails can be 
loaded on the wagons nearest rail-head, wire ropes, attached 
to holdfasts or to sleepers already laid, can have hooks, which 
can be hooked into the bolt-holes, and by setting back the 
train the rails can be drawn off the wagons on to the laid track 
They can then be carried by men, equipped with bamboos, 
aling a and rail tongs, or picked up by some form of gantry, 
winning on angle irons laid temporarily on the formation or 
sleepers already spread out. It will save time, if the fish- 
plates are loosely attached to one end of each rail, because it 
is reeqgmaed that speed in linking depends on the time taken 
to fi^ a pair of rails together, but the fishplates must not be 
datnaged by drawing off the rails. For heavy rails a crane 
asay bo us^, but it can cany only a certain weight for a 
certain radius c£ a>ction, so that the rails should be unloaded 
on to the oess. If a <»rane is to be used, the rails should be 
jBiesked the points f(»r lilUng, tire hoist being attached to a 
bar, wWi tongs at eatiht ®[}d. Throwmg off rails from the 
wsi^aooon^tlNoeooeflhould be avoided. It Is not a pleasant 
bnuibaew boeemre bont. Since there may be 

QiB$^ ^ tite drawing 
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If the rails come first, a practically universal practice, the 
sleepers must be carried to rail-head by some form of trans- 
port, The sleepers can be slid off individually, placed on 
carts, carried along the berm, taken off the carts, carried 
up the slope of the bank and spread in position. Many carts 
and many labourers are required. It is much better to 
employ a crane, travelling on caterpillar tracks along plat- 
form wagons, to lift the sleepers by slings in bundles, two or 
three to the rail length, on to lorries. A 1 J ton tilting lorry 
can carry 15 sleepers, and deliver them on the berm, or a 
travelling crane, working on the formation in advance of the 
lajring, can lift the bundles off the lorries, which should have 
dual treads, and place them in position to be spread. This 
will not work well with chaired sleepers, and may be awkward 
where there are high banks or cuttings. Sleepers, adzed and 
bored, for use on curves with wide gauge must be loaded in 
separate bundles. 

With a tracklaying machine, the marshalling may be rails 
and fish-plates, locomotive and tank wagon, spikes and bolts, 
bearing plates, tools, brake van, sleepers (these last wagons 
being out off at a convenient site, and the sleepers being 
carried to rail head by lorry). 

The locomotive should be of a light type, since it will have 
to work over a rough track without doing damage to it. It 
is not advisable to have a long train, and, therefore, a siding 
should be laid not too far behind rail-head, so that a second 
train may be brought up without delay, while the unloaded 
train runs back to the material depot. The composition of 
the train depends on the type of track and weights of material. 
A time-table must be worked out, and altered as the railhead 
advances, so as to ensure the regular and continuous supply 
of material. 

^yL — Otganisation. 

In view of the widely differing types of permanent way in 
lise, it is hardly of use to give examples of numbers empkiyed 
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The various operations will be mentioned, and figia-es of 
duty given. The tasks should be corrected by experience 

Prdiminary Work. — Soakii^ and running down half the 
bolts, should be done at the rate of 40 large or 50 small bolts 
per man per day, but can easily be doubled by the use of 
ratchet wrenches. 

Adzing sleepers and restacking. A carpenter can do 60 
large and 76 small sleepers a day. 

Boring sleepers. This and the previous operation is much 
quicker done in a machine, but if the hne is much curved, and 
the gauge requires widening, it may be necessary to do a 
great deal on the spot. The numbers bored per man will be 
about the same as in the last operation, unless bearing plates 
are used, with more spikes, on curves. One auger should 
bore 1000 holes in depot, 700 in the field 

Bending rails to curve. This is only necessary for very 
sharp curves See Art. 69. 

Sorting, measuring and marking rails. A task of two tons 
per man per day is reasonable, but a crane can do much more. 

Loading material train. One ton per man per day. 

Straightening rails at rad-head and cutting. This refers 
only to such rails as may have been deformed in unloading, 
and cutting rails as closers near facing points of stations. 

Levelling formation. A fairly smooth surface is required 
for good work. 

Blaoing centre line pegs and measuring. 

Moving mid guarding camp, etc. 

Waleamg and coaling gangs for the material train. 

IdUiMmg nA Ba^heetd. 

UxdoadiBg maiKsdal. This gang will depend on the method 
emplc^iwd, may be possible to uriMse labour standing 

idle fbr' tibe nmosiesBt. But witli a tradk-laying manbinA 


‘BWa £i l«ttd work, but 
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interchange with the rail carriers, A great reduction is 
possible by employing a device of Sir A, T D, Anderson, of 
the Bengal Nagpur Railway. He emploj^ed levers pivoting 
on an ordinary material trolley axle, and provided with rail 
tongs at the short ends of the levers. The rails, first tlirown 
off the train outside the track, are rolled over up short ramps 
mto the centre of the track after the train has been set back, 
and are transported, four rails with the proper number of 
sleepers, by eight men with a pair of axles and wheels. 
Angle irons are used to carry the wheels beyond the length 
last laid, over the sleepers taken off the trolley. The labour 
required to lay a mile of track has been reduced from 1 ,024 
men-days to 128 men-days Fuller particulars can be 
obtained from Guest, Keen, and Williams Limited, Calcutta. 

Small stores trollies. These should be kept as near rail- 
head as possible, and one may carry a vice for running down 
obstinate bolts, a ratchet brace and bits, spare augers and 
spiking hammers, and a few wooden plugs for spike-holes 
spoilt in driving. A carpenter and blacksmith should be in 
attendance. 

Spreading sleepers, including carriage, A carrier may 
handle 2 to 2| tons daily, according to lead, allowing a load 
up to 60-lbs. a man, while a placer can do 8 to 9 tons a day, 
handling 100 lbs. 

Adjusting to centre line and spacing. 

Unloading rails from trollies. A small gang. 

Bail carrymg and placing. This is a heavy task, and not 
more than 70 lbs. per man can be expected on smooth and 
wide formation, or a total of two tons per man-day. 

Expansion irons can be placed by boys, but the issue 
in accordance with the temperature must be carefully 
supervised. 

Distributing fishplates and bolts. If done from a front 
trolley, a man should do 2 tons, and a boy 1 ton, but only a 
quarter of this task is possible from the train 
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Skeleton fishing, two bolts per fishplate, hand tight 
Allowing two men and a holder-up, the task may be 65 joints 
per man per day. This operation sets the progress, and other 
operations should conform in the time taken. 

Straightening rail, and chalking sleeper spacing on it. 

Distributing spikes, and bearing plates, if any. The task 
corresponds to the distribution of bolts. 

Gauging, holding up, and skeleton spiking. The daily 
task is 200 spikes per man, including holder-up. Alternatively, 
the gauge-ties may be used, and all spiking done behind the 
train. 

Distributing bolts, full bolting. The task is 110 bolts per 
man. On some railways skeleton fishing is not allowed, and 
this gang will merely have to tighten up four hand fished 
bolts. 

Bemoving expansion irons. 

Distributing spikes, squaring, and full spiking. Tasks 
have been given above. 

Picking up small materiaL 

Straightening track and correcting before packing. 

Waterman, signalmen, guards, etc., and a reserve. 

Packing and Listing. 

Pilling earth for packing. 100 cubic feet per man from 
bomiw-pit to track. Three cubic feet per foot run is ample. 

Earth packing with the least possible lift. 

Earth filling to sleeper level, if ballasting is to be deferred. 

Mmnimemcc . — Pour men a mile must be told off regularly 
as ibe work proceeds. 

BaSoeHug, 

Bakin g earth. The task is 300 oubio feet per man. 

Ihiloat^ajg awd shovdOing ballast. This is much better 
done firom wagons, but otherwise 200 oubio feet per 

awwa. oan'bftleipsdied. 

ysods per taam. per 
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16.— Tools. 

The following tools may bo supplied : 


Opening out 
SpreadSig Sleepers 

Unloading Rails 
Distributing Material 
Trolle5nng Rails 
Rail carrying and Placing 

Fishing and Spiking 


Straightening 

Keying 

Lifting and Packing 


Ballast rakes, shovels, mattocks 
Gauging rod, measuring tapes, chalk, 
pegs, and mauls or sleeper Spacer. 
Bars and rail ramps. 

Baskets, tommy bars. 

Tommy bars, or rail forks. 

Rail slings and bamboos, tommy bars 
or rail forks, bars, sledge hammer. 
Thermometer, liners, chalk, tommy 
bars, spanners, spacmg rod, T-square, 
spiking hammers, crowbars, fulcrum 
blocks, mallets, rail gauges. 

Lining bars, jim-crow. 

Keying hammers 

Sights, spirit-level, boards, levers, 
crowbars, fulcrum blocks, beaters. 


Hammer and beater handles, bamboos, and mallets require 
many spares. Bars require straightening, and a reserve 
IS required for exchange while this is done The same applies 
to tommy bars and spanners, which wear out quickly. Oil 
for lubrication and cleaning dusty bolts, etc., is in much 
demand. 

Track jacks or a track lifter obtaining a leverage from shoes 
lowered on to a firm bed will save in lifting. With a 40-h.p, 
petrol engine and a 7 J-kw. generator, working through 1 ,000 ft. 
cable, five men can drive over 2,000 spikes daily. The machine 
will bore sleepers also. A turntable is fitted to remove it 
from the track. If screw-spikes are used, a petrol-electric 
screwing machine is advisable. Material trollies are often 
too heavy. Portable telephones are used for obtaining 
permission to place motor trollies on the line and vice versa. 

— ^Distribution of Labour* 

Every man should have certain work to do, and there should 
be no overcrowding or confusion. Supposing that the material 
is brought up and laid out rapidly and continuously, the speed 
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of platelaying is only hmited finally by the time required to 
linlr two pairs of rails together, and the number and distribu- 
tion of workmen depend upon this entirely. 

The operations connected with platelaying, by the “ tele- 
scopic ” method may be divided mto three : 

(а) Conveyance of material to the working-point , 

(б) Lmking-m ; and 

(c) lifting, straightening, packing and boxing. 


Material Gangs. The regular and continuous supply of 
material is of the first importance, and on it the whole progress 
of the work depends. 

One line of rails, on a curve the outer line of rails, should 
be linked and spiked first. The first party of wrench-men 
half-fish the rails, adjusting for expansion, while a second 
party completes the fishing of the rail- joints, after a straight- 
ening party has corrected the alignment. 

The sleepers should be properly spaced, one rail being 
marked with chalk at the proper intervals, and these marks 
squared off on the other rail. 

Templates shoidd have on one side the spacing near the 
jmnts and on the other the spacing for intermediate sleepers. 
There is no need for templates longer than about 8 ft. The 
spacing on curves is complicated as there must be some 
" staler.” 

Bad-joints are to be avoided on small open-top or girder 
h«idf^, or where a guard-rail is to be put in at a road crossing. 
They siionld bo dosed and the fishbolts jammed. Welding 
^ treatment cdf Joints and chamfering should be done 


aHer die tradk is in good Mne and sufiSoiently packed, 
need^idlf £dr final lifting and packing. 

' ’ tiNmble was oaneed on a certain railway, 

beaj^og pkttes, beeause tibe gangs 
on .tibe^adzed seats 
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rails, not being tilted, were drawn in until they rested on a 
small un-adzed portion of the sleeper, and this crushed, 
causmg the rails to tilt and become tight to gauge. 

The final liftmg, packing, and boxing must wait for the 
ballast, and possibly until the formation has settled. Hopper 
ballast -wagons -with a plough brake can effect an enormous 
sa-raig of ballast and labour It is important to open out 
the earth packmg first and to distribute only a small quantity 
of ballast, in the first run, other-wise the ballast gets spread 
out by the plough and mixed -with earth. If possible, large 
ballast should be used for the first lift as a sohng, but is not 
good for packing. 
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POINTS AND CROSSINGS 


47.— Gr^eral Remarks. 

The object of points and crossings (Fig 7) is to pass trains from 
one line to or across another. The points divert the train, 
while crossings are used to provide gaps m the rails through 
which the wheel flanges can pass. Thus, when the pomts 
are set for a turn-out to the right, the left-hand wheels are 
prevented from continumg on the main line, the right-hand 
wheels have to follow the right-hand rail of the turn-out, and 
the flanges of the left-hand wheels have a gap provided so 
that they may cross the right-hand rail of the main line. It 
may then be necessary for both sets of wheels to cross both 
jpiails of a parallel track by “ diamond ” crossings, or the train 
may be turned into another track by a crossing and pair of 
pofflis, in which case the whole of the connecting track is 
liftHhed a nrnafinvfiiL or vehicles may be placed in a dead-end 
fry a simple turnout. In a diamond, single or double shps 
may be provided to allow inter-commimication between the 
orostdng lin^. Two crossovers may be got into the same 
by a “ scissors ” crossing. 

It is r 0 rj necessary to standardise the nomen<flatnre. So 
lipjav Amedoan expressions have crept m through study of 
works, that, otherwise, a double nomenclature is 
A^r^hsiatitable. Id this wmrk ihe following terms will be 
smi i^MKribad in due course. 
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Points. 



vJHeel block 
chairs 

v^tiids or stops 
V^{%jtch (complete) 
^■€Fartge tie 
V Connecting rods 
Point roddmg 
V^ad rad 
^ Heel rad 


G^nerail, 

^ spacing pomta 
v^Trailmg points 
.^Tnrliout 
V^'rtwssover 
YX^IScissors 
^^✓^ingle slip 


Cbossinqs. 

V'Wmg rad. 
v^Cneck rad 
Pomt rad, nose, heel 
vSfSiee rail 
^^hroat 
^ Gap 
^ Clearance 

Clearance block 

V Wheel flange 
v^Wheel tread 

V Wheel face, outer, inner 

crossmg 

v/dDiamond crossing 
Continuous crossing, 

w^ouble shp 
V^athering line 
^,2liree throw points 
Switch derail 
Triangle 


There is nothing which impresses the public more than 
smooth running over points and crossings, especially at turn- 
outs from the straight. It is not sufficient to study and 
obtain good runnmg over ordinary track. 


v 48, — Theory of the Turnout Curve. 

The simplest case is that of a turnout with a straight 
tongue from a straight line. The gauge line of the tongue is 
tangential to the curve, which commences from the heel of 
the tongue and terminates at the theoretical nose of the 
crossing. The tangent at the crossing to the curve lies at 
the angle of the crossing. 

The following definitions and symbols will be used through- 
out : 

Gauge , — The distance between the rails of a track, measured 
from inside edge to inside edge of rai"? heads. 

Nose of Croaaing , — ^The point of intersection of the gauge- 
lines, an imaginary point some inches in front of the blunt 
nose, to which all measurements are referred. 
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Radius of Crossing — The radius of the curve of the turn- 
out, springing from a point in advance of the switch. 

Divergence — ^The distance, at heel of tongue, or virtual 
heel, from inside edge of stock rail to inside edge of tongue 
rail, in other words, the clearance between those rails plus 
the width of the head of the rail. 

Inclinaiion-number, or shortly. Number of Crossing . — 
There are three methods of calculating this, see Art. 49 ; 
generally the cotangent of the angle of the crossing. 

Curve Lead . — ^The distance from the springing of the curve 
to nose of crossing, or other end of the curve, measured along 
the straight. The curve is not utilised throughout. 

Switch Lead . — ^The distance from springing of curve to 
point of fixed divergence, measured along the straight. 

Lead, of Crossing . — ^The distance, measured along the 
straight, from theoretical nose of crossing to opposite the 
point of fixed divergence. 

The following symbols will be used ; 

G = gauge, 
a = angle of crossing. 

1 = number of crossing, usually cot a. 

I == length of tongue rail up to point of divergence. 

D = an ordinate to the curve, not necessarilys=G. 
d = divergence at fixed point. 

6 = {dll) = angle of divergence of switch. 

^ « =s Ijd, *= inclination number of the Switch. 

1^, Rg — radii of curves intersecting the rails. 
I/=sourve-lead. 
r *= smlc^'lead. 

«> of oroasing. 

^ 1^ 8, we have a 'staR^i^^ tongoe AO, with a switch 
wtiA whhsh, at the ^yaoretical 

'mm emm mrniog to. 
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E, tangential to the heel of the tongue and to the splice rail 
of the crossing. 

The radius R can be obtained by solution of the triangle 
D E 0, of which we know all three angles and the side D O, 
in this case equal to the gauge less the divergence at the heel 
of the tongue. C E is the ehord=2R sin {a-b)/'2, whence we 
obtain R. 

It is easier to calculate by co-ordinates If O be the origin 
of the circular curve, the ordinate at the end of the abscissa 



OXi, is X^C, and the ordinate at Xg is XaE. Both X^ and X 2 
are offset from the gauge line by some amount o, ui^ess the 
tongue is tangential to a curve springing from the gaugeline, 
and this is rarely the case. 

D =XaEi;Oa«5:R versine a 
d «= XjOi 05=!=R versine 6 

The versine is 1 minus the cosine. Seven place tables 
should be used. 

Subtracting, D— d==R (vers a— vers 5)=R (cos b — cos a) 
R = {D — ^)/(cos 6— cos a). (1) 

Now 0 X 2 s=R sin a, and OXi«=R sin 6. 

The Lead X^Xj is B (sin a— sin &). 

K 


( 2 ) 
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The offset o=D— B vers a, and will only vanish if AC is 
=:R tan b/2, that is, if the virtual length of the tongue, or 
straight portion of it, is equal to the tangent distance. 

The use of these two formulae will give offsets for true la 3 dng 
and maintenance of the turnout curve, at any points desired. 

The larger we can make D— d, the larger the radius of the 
curve, consequently the smaller the gauge of the track, the 
sharper the curve becomes, with equal switch and crossing 
angles. If the curve is made to end at the near end of the 
crossing, where the wing rails are held together and cannot 
be bent between this point and the theoretical nose, the gauge 
is narrowed in effect. If the curve is carried on to the far 
end of the crossing, as is done on one French railway, with 
suitable adjustments, then the curve radius is increased. 

With a smaller switch angle, due to lengthening a straight 
tongue with the same divergence, cos b becomes greater, and 
is in the denominator, so that the radius is diminished. On 
narrow gauges a small switch or crossing angle is not desirable, 
apart from the danger of derailment of small wheels at the 
crossing. It is a matter for nice adjustment to divert the 
train from its path without too much side acceleration and to 
give the same side acceleration, if possible, throughout the 
succeeding curve. For mihtary railways it is desirable to 
avoid cutting of rads as much as possible. 

A smaller switch angle increases the lead in Formula (2) 
because the sine is smaller. Increasing the switch angle 
reduces the lead, and this may follow from the adoption of a 
heavier rail for the switch, with the same tongue length. 
In ord^ to avoid much disturbance of interlocking gear, the 
mmB lead may be retained by introducing a short length of 
gira%ht bdbind the heel* 

If ihe springing of the curve lies on the gauge line of the 
m was assumed in Cole’s Method, but in reality is 
thecaee> 

a, mA B ^ Q/rm^ a. 
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The tongue length in order to be tangential to this curve, 
must be equal to, or less than R tan b/2, the difference bemg 
made up by a short length of straight behmd the heel up to a 
virtual heel. Cole's Method, if this condition be fulfilled, 
gives the longest radius of turnout, for a given crossing and 
gauge. 

It is possible to insert a transition curve, springing from 
the gauge Ime of the straight, and tangential both to the heel 
of the tongue and the crossing. This was exammed by the 
Author m the Railway Engineer for December, 1929. The 
radius of curvature at the theoretical nose of the crossing is 
216 G, or 1,188 ft on the 5 ft 6 m gauge. A cubic parabola 
will not, of course, be symmetrical in both facing and trailing 
directions The theoretical length of the tongue, in order to 
be tangential to the curve, will be one thud instead of one half 
of the switch lead. To make the transition curve commence 
at the heel is not practical. 

— Switch and Crossing An^es. 

Reference has been made to the theoretical length of the 
tongue. The switch angle is not exactly obtained from the 
tongue length, because the toe must still retain a certain 
thickness, as will be explained. In the expression above for 
the angle of divergence, the thickness at the toe, say J in., 
should be deducted from d. 

When selecting a switch angle for adoption, the effect on 
the vehicle should be considered, and it is usually accepted 
that a diverging movement of one foot per second is not 
excessive. We may assume that a speed over turnouts at 
facing points of 30 miles per hour may be allowed on the 
5 ft. 6 in. gauge, with corresponding speeds of 20 miles 
per hour on the metre gauge, and 15 on narrower gauges. 
That is to say, a wheel will traverse a distance of 44 ft., 
29J ft., and 22 ft. per second respectively. 

AUowir^ a divergence of one foot in these distances gives 
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switch angles of 1° 18 min., 1° 57 min , and 2° 36 min respec- 
tively. If thin be conceded, the radii of lead curves should be 
such that an offset of one foot to chords of the three respective 
iflTi gf.ha fiilfils the relation 0® = B, (see Art 59). The radii 
corresponding are 1,936 ft. (2® 57 m i n ), 860 ft. (6® 40 min.), 
and 484 ft. (11® 50 min ). Alternatively the speed should 
allow for an unbalanced cant of two inches. 

Crossing Angles — ^These will vary slightly according to 
three methods adopted in setting out work in the shops 
see Fig. 9). 


B 
C 

Rg. 9, 




A British and United States practice is to make the 
cotangent of ludf the angle equal to twice the crossing niuuber, 
as 

cot a = 21 

This is the easiest way of setting out. The setting out line 
bisects the V, and the lines joining the theoretical nose to 
the offsets lie along the gauge lines of the crossing. Any 
length of point rail is easily set out. 

B. This adopts an isosceles trian^ making 

coseo fl./2=2I. 

C, or Ckile’s method is to make cot a— I, but the point rail 
may be longer than I feet. 

!]l^e resulting angles are 




Mcidiod. 



A 

B 

0 

n 

4® 46' ir 

4® 46' S4' 

4® 4S' 89' 

10 

«®4r8ff' 

6® 43,' 66' 

6®<^88' 

8* 

6®4»'6r 

6® 48' 6* 

r 43'86' 


0 method, therefore, ^ ratoat acwtean^.^ 
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50. — Curved Switches. 

Tongues are not always straight. They may be partly 
curved, or wholly curved right up to the toe. In Fig. 10 
the straight planed portion extends for 11 ft only, up to the 
point where the rail head attams the full width of 2| in. 
This is the virtual heel. In one switch the planing extends 
to 20 ft. in , or 1 in 90, with a switch angle of 0® 38 min. 
12 sec. The remainder of the tongue, and the corresponding 
portion of the opposite stock rail, is curved, in the Figure, 
to a radius of 1,378 ft., until, beyond the actual heel, ordinary 
chairs can be got in between the straight rail and the lead rail. 
The tongue is sprung from the seventh chair to give the 
necessary gape of 4 J in. 

This radius has been calculated to fit a 1 in 12 crossing, 
by the formulae already given, but it can be used also with 
certain crossings of a higher number, by using the formula 

Radius =: (D— d')/{cos 6'— cos a') 

is the switch angle at the back heel chair, 6PR, there 
being added to the angle obtained by divergence the central 
angle subtended by the arc of curvature, d' is the divergence 
at the back heel chair from the gauge line, and a' is the angle 
of crossing to be used instead of the normal one. 

The curve will now be a compound curve, the portion over 
the lead having a smaller radius, with a common tangent at 
the back heel chair. The lead from this to the theoretical 
nose of crossing will be, 

Lead = (D—d') cot {a' +b')/2 

To this must be added the length of the switch to obtain 
the distance toe of switch to nose of crossing. The springing 
of the curve will still lie inside the gauge line of the straight, 
unless the length of planing—B tan b'/Z (not 6/2). 

A wholly curved switch is curved from toe to heel in a 
compound curve, with a common temgent. They have bee®|^ 
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m use for 40 yeaars on the Great Western Railway of England, 
gradually working up to the longest curved switch, shown 
diagrammatically in Fig. 11, for use with crossings Nos. 10 
to 13. It has a radius from toe to heel of 2,000 ft. With 
No 13 the radius between the heel and the crossing is 1,600 ft. 
The springing of the curve at the toe lies 30 ft. 10 in. in ad- 
vance of the toe, and the offset outside the gauge line is 


0.237 ft. 


c wm> ewrrm 



On the Est Region of the French National Railways, the 
curved switch, for use with a 1 in 20 crossing, springs firom a 
point 3 in. outside the gauge line, with a radius of 2,001 '445 
metres up to the full width of the rail head. The radius of 
the stock rail opposite is 2,000 metres. 

From full rail head width springs a curve of 1,301-445 
metres up to a point 2-868 metres beyond the theoretioal noee 
of the oroBsing. Since the exsecant of this curve is i in., 
the throat is widened by this amoimt. The prolongation of 
the splice rail does not lie along the gauge line of the cixnes- 
ponding wing rail, which is made tangential to the curve. 
Thus, the total curve lead is made up of four elements, ad- 
vanced switch lead, switch planed length, lead to theoretical 
nose, and lead in rear of the n(»e. The large radius is obtained 
by increasing (D— d) as much as possible. 



136 


cole’s peemanent way 


Curved switches are not interchangeable in right and left- 
hand turnouts, and their use mvolves the holding in stock 
of more types of material, but the practice of welding worn 
crossings m situ makes this less of a disadvantage 

It is not difficult to plane a curved tongue. After bending, 
it is sprung to the desired curvature in the opposite direction, 
is planed on the straight, and, when it is released, assumes 
the correct curvature 

51-^'Description of Points. 

A set of points (Pigs. 10 and 12) consists of a pair of tongue 
rails, straight or partly or wholly curved, each tapered to fit a 
«tock rail, also straight or curved On the one side the 
tongue rail is bolted to the main hne heel rail, i.e. the lead 
rail next behind the tongue rail, and the stock rail to the 
turnout lead rail. On the other side, the tongue rail is 
bolted to the turnout heel rail, and the stock rail to the 
main line lead rail. Heel blocks of various designs may be 
used at the junctions of tongue and heel rails, or the tongue 
may be held and sprung from a “ virtual ” heel. We shall 
call a complete stock rail, and tongue rail, with accessories, 
a switch. A pair of switches make a set of points, facing or 
trailing. 

The tongue rails are connected together by connecting 
rods of such a length that, when one tongue rail is pressed 
hgainst its stock rail, the toe of the other tongue rail makes 
an adequate gape or clearance, and there is no possible 
<Kf wheel flanges striking the toe of the tongue, and 
,jSqii»BUg a dcflrailment. To the tongues are fastened point 
nodtffingi and connections to the locking and detecting gear, 
bein^ detected separately, to give warning df 
in a te a i l in g direction. There may also be a 
indicator, and the ehiould be 
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disc, to isolate a sidmg by causing derailment if the signal 
is not obeyed 

The tongue rail slides on one-level or two-level slide chairs, 
bolted to the stock rail, and supporting it, while the bolts are 
extended to form studs and support the web of the tongue rad. 

A right hand set of points will divert a train to the right, 
and a left hand set to the left of a person facing the points. 
In an indent for a tongue rail, or stock rail, or complete 
switch, the right hand tongue is on the right hand of a person 
looking from heel to toe, i e. m the opposite direction, and 
both stock rail and switch corresponding should be so described. 
The tongues, of course, differ, and the stock rails also. Mis- 
takes may easily occur &om a wrong description, and it is 
better to add a sketch as well. 

Points are described as facing or trailing, according as the 
train, in normal running, passes &om toe to heel of the 
tongue, or vice versa. Usually they fulfil both functions in 
shunting, and on single lines, but the outermost points of 
stations on such lines are termed facing points. 

The tongue rail has to be movable, and can only be held 
at some distance behind the toe. It may be loosely fished 
at the heel through a block to the stock and heel rails, with 
circular washers on the bolts to prevent over-tightenirg. It 
may be held at a “ virtual heel,” from which it is sprung, or 
by a hinged heelblock. For support underneath, the tongue 
r^ must depend on slide chairs, on the sleepers. Fdr lateral 
support, especially necessary since the tongue rail has the 
function of diverting a heavy brain, it has to depend on the 
stock rsdl. The A.B.E.A. designs sho^V a reinforcing steel 
angle, and indeed, a doable remforcemant along the tongue. 
The tongue may be tipped with manganese steel. 

Towards the toe, the tongue iml is planed so as to lie as 
close to the stock rail as possibte, but, as it diverges, studs, 
8h<»t and kmg, have to be infroduced to support the web. 
Tkem must be peapea^lj designed, and it is best to secure 
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t.^ATTi with cotters and split pins, less liable to work loose 
than bolts and nuts. 

The tapering of the toe of the tongue rail is done in two 
ways. Either it is planed very thin and housed under the 
stock rail (“ undercut,”) or the stock rail is “ joggled ” with 
a reverse bend, allowing rather more section to be left of the 
original rail from which the tongue rail was planed. 

The stock rail section need not be reduced for B.H. rails 
(Fig. 10), though little remains of the tongue rail section. 
But with F.B. sections and their wide flanges, the stock 


USSBXJLUSSk 



point'p ' 

Ar-/VN<:TmerMM. 




ran also has to be weakened by planing, especially with long 
straight tongue rails. There is less planing of the stock rail 
but more of the tongue rail, if the torgue over-rides and rests 
on the flanges of the stock rail (Fig. 12 and 12a.) 

If the rail selected for the tongue rail were machined to 
the slope of the switch angle, the head and foot (or bottom) 
would have no web to join them together. Therefore the 
rail has to be bent, at such a point, and to such an angle, that 
the web shall be verticsd at the toe. 

The width of head of a 90B F B. rail is 2f in., and that 
of the bottom is d| in., the difference being 2f in. Full 
{Reckon in a str^dght stock imd tongue rail, if not over-riding, 
am. ffnfy be attained where this clearance is attained. By 
adopf^gg a B.H. rail any doited ol^iaracioe am he given, mad 
wM^ieas is reduced to a mhibQa.ui)^., ^ have 
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a rectangular section or a special section with increased 
thickness of web. 

For heavy, fast traflSc, the portion of the stock rail in 
advance of the toe of the tongue rail shoidd be greater than 
stock rails of switches for slow movements There is the 
stress of the joint, and a permanent torque, if the stock is 
vertical, and the rail in advance is tilted. Rail anchors 
should be used m advance of the stock rail. It is desirable 
that at least two sleepers be mterposed between the joint and 
the planing of the stock rail flange to accommodate the tongue. 

The slope of reduction of flange width should be one and a 
half times the width. A full length rail should be laid in 
advance of the stock rail on main track. Drilling of the stock 
rail for attachment of a locking bar can be avoided by using 
clip brackets. 

The projection of the stock behind the heel of the tongue 
must take account of the proper fixing of the heel block to 
both, and of the joint with the heel rail, which will affect the 
sleeper spacing, and this should be small. There is also the 
lead to be considered up to the crossing. 

Stock rails may well be made of full length rails, projecting 
well in front of the toe and behind the heel- 

The connecting rods must have a vertical pin to allow 
of a swivelling action, very slight, on account of the two 
tongue rails not moving precisely parallel to each other. 
More than two should be provided for long tongues. These 
rods should be cranked downwards, to avoid hanging couplings 
and insulation may be necessary. 

Slide chairs, sometimes stepped, not only provide the surface 
for the tongues to slide on, hut also support and hold the stock 
rail, and support the tongue rail through the stock rail studs, 
except in the first few. These chairs are usueJly made of 
steel for F.B, rails, and B.H. rails are, of course, held in oast 
iron chairs. 

A bar may be provided, passing under both stock rails. 
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connected to the tongue rails to prevent rising under the 
leverage of a wheel approaching the heel. This also may be 
insulated. 

A “ spring tongue ” rail is fully fished to the lead rail well 
behind the “ virtual heel,” which is held in a fulcrum chair 
(Fig. 12), so that the leverage of the point rodding may set 
the tongue rail away from the stock rail to the required 
“ gape.” Inner stops can be provided to the shde chairs of 
such tongues, and thus a certain amount of support can be 
given, through the connecting rods, to the tongue in action. 

The provision of a check rail m advance of the toe of a 
tongue rail is advocated, but the locking bar, if any, will 
make this possible on one side only. They are used more 
often on mountain railways, where curves come right up to 
the facing points. 

t — Description o£ Crossings. 

Crossings provide the necessary gap for the wheel flanges 
to pass across the running rails. A V crossing (Fig. 13) is 
used where only one wheel of a pair needs to cross, such as in 
a simple turnout or at two of the comers of a diamond (Fig. 23). 
At the other two comers of the diamond both wheels of a pair 
cross almost simultaneously, and diamond crossings are used. 

In the V crossing the wheel flanges run against the inner 
edges of the wing rails, whereas m the diamond crossings 
the flanges run against the same relative mnning edges. 
In the V crossing the pomt rail takes over the load firom 
either wing rail, but in the diamond crossing one wing rail 
takes over the load firom two point rails. The point rail 
in a V crossing has to have a splice rail, forming the V, 
but that of the diamond crossing need have none, although 
shocks will be lessened by fitting a spUoe check rail, and is 
kmger. In tba V crossing the wing rs^^'S^ splayed to form 
check rails to the point and sjhioe raij^»|^^ in tibe dialmond 
crossing thare is a oheok rml on 
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the Continent, a plate is sometimes bolted to this rail, pro- 
jecting above it, to act on the outer wheel face, and help to 
guide the wheel flange past the elbow. The diamond crossing 
is symmetrical, and the V crossing is not. Compare Figs, 
13 and 16. 

Where the wing rails of a V crossing, or the wing and check 
rads of a diamond crossing, approach and diverge again is 
the throat. The intersection of two thin wires, laid along 
running edges of the wing rails and point and splice rails 
respectively, will give the theoretical nose of the crossing 
(Fig. 7). 

Where a V crossing is used, it is necessary also to use a 
check rail on each of the opposite running rails. This guides 
the flange of the other wheel of a pair, by pressing on the 
inner wheel face, and prevents knocks on the nose or even 
derailment. It may be self-guarded by a block which presses 
against the outer wheel face for slow traffic only. Diamond 
crossings, being used in pairs, have a check rail as a com- 
ponent part. 

The Ministry of Transport does not permit a flatter angle 
of diamond than 1 in 8. It being impossible to prevent a 
certain amount of oscillation in the throat, the no^ of one 
point rail must be in advance of the other. The distance will 
be G/I, or nearly *7 ft, on the 5 ft, 6 in, gauge, against *6 ft. 
nearly on the 4 ft. 8| in. gauge. On the 2 ft. 6 in. gauge it 
would b© only 3| in. with a 1 in 8 diamond. 

The switch diamond (Fig. 16 a) is a device for use where the 
inclination is required to be easier than the prescribed limit, 
but an ordinary switch has not a sufficiently large switch 
angle. Such crossings are specially suitable for a curved 
track or tracks. Half a switch diamond might be used 
instead of a V crossing, but it would require redding, detecting 
and locking. 

In building up a crossing, or bolting a cAieok rail to the 
running rail opposite the V crossing, clearanoe IdookB 
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chairs, and spherical washers have to be used. The appro- 
priate clearances are given in Art, 64, but at the throat J in. 
or more has to be allowed. The ends of check rails, and the 
check portions of V crossing wing rails, are gently flared, 
so as to draw the wheel flanges gradually into a good position. 

If the turnout curve is so sharp that widemng of gauge is 
necessary, the check rail clearance blocks on the turnout side 
should be wider by the amount of widening Otherwise 
there will be a knock at the throat. The net dimension from 
nose to check rail will remain the same. 

The desirable elimination of the gap at the crossing has 
been attained by a device called a “ spring rail crossing ” 
in the U.S.A., better described as a continuous crossing. 
They are not allowed for crossings of numbers under 6. The 
cheek rail portion of the wing rail on the turnout side is utilised, 
and lies along the V, so that a main line train has no gap to 
cross. It is held against the V by two strong springs. The 
wheel flanges approaching on the turnout, in a facing or trail- 
ing direction, have to force their way through by pushing the 
wing aside .against the springs up to stops, which allow the 
necessary clearance. There is, therefore, a considerable wear, 
and the chedk rail is much worn also. There is a tendency for 
the flared end to rise, as the wing takes the load, and this has 
to be checked. Crossings of this t 3 rpe can only be used for the 
turnout for which they have been designed. There use wiU be 
justiBed if three quarters of the movement is over the main 
Ihm. 

On narrow jc^auge railways, a cast crossing may be adopted 
instead of a built up crossing. Some are made reversible, but 
the fixing dbvioe usually suffers from the attempt to lengthen 
the life by reverdng. 

The diMoulty of des ig ni n g satisfactory ewitchas with wide 
hatMi F.B. rails ap|dies to V, or eonmon, orosaingB also. It is 
not poisdhle, wt^ioat eutiing the foot, to g^ve even a l| in. 
cieacanoe wi^ hewetsr than 6& eo that wh^ aM 
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very much weakened at the throat, and tend to tdt inwards 
under the load. As the wings diverge again firom the throat, 
more metal can be left, but there should be no sudden change of 
section. In order to leave a sufficient amount of metal in the 
nose, the wings opposite the nose have to be weakened, and 
this continues up to and beyond the point, where the load is 
transferred. Along the check portion of the wing rail this 
does not matter so much, nor does it matter in the opposite 
check rail, because any overturning movement is against the 
unweakened part of the flange, and the check rails carry no 
load. In the U S.A., and on the Gontment, under very 
heavy loads, F.B. rails are used with apparent efficiency. 
In time, however, loosening and wear lead to weakness, and 
earlier destruction of the crossing The close coupling of 
trains causes a great stram on the crossing bolts when the 
turnout is taken. 

It is necessary to visuahse what happens, when a wheel 
passes the crossing, in a facing direction. Up to the throat, 
the wheel is travelling on the wing rail, just as on an ordinary 
rail, possibly with the flange hard up against the side of the 
head, if the check rail is worn. From the throat onwards the 
wing rail recedes, and the bearing, assuming normal wheel 
treads, also recedes, so that the flange is dropping because of 
the coning of the wheels. There comes a point where the 
point rail takes the load, it may be at the greatest wheel 
diameter, close to the wheel flange, and from this point 
onwards the wheel runs as on any other rail. Therefore, 
between the throat and the point of bearing on the point 
rail, the wing rafl, and at the point of bearing the nose should 
be as strong as possible. 

Worn wheel treads with worn flanges tend to taka a bearing 
earlier on the point rail. A worn crossing will be found to 
have deeply scored wing rails for about 2 ft. on each side 
of the nose, wMoh is bright almost to the «ad, showing 
that transfer is taking place in advance of the ri^t spot, 
n 
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The wing may be ramped, or “ glut ” ramped, so that the 
flange takes a bearing, or made of heat treated or manganese 
steel to extend its hfe, but the modem practice of welding 
makes these devices *less necessary. 

The point rail in a built-up crossing extends to the nose, 
and should be firmly held. In one design a projection is 
machined in advance of the nose at the foot, with a hole 
through which the nose can be bolted to the sleeper by a 
fang bolt. 

The point rail has to be set (Fig. 14), so that the web lies 
vertically under the nose, as in the tongue rail. It is machined, 
so that the running edge may be contmued along the edge of 
the V. The end of the nose is machined down so as to 
escape the transfer of the load, and rounded, so as not to 
form a sharp point and invite the flanges to strike it. The 
radius of roimding is about half an inch. The inclination of 
the nose below the level of the wing rails depends on the 
number of the crossing, and point of transfer of the load, 
where the nose must be up to wing rad level. It will be 
necessary to twist the point rail to link it to tilted rails beyond. 

The inteETsection of the edges of the V should be marked 
during manufacture on every crossing, for the rounded nose 
does not ^ve the true interseotion. The design should show 
tire position of this tiieoretical nose (see Fig. 7). 

l^e point rail carries the load on cme track, and a splice 
mil completes the other track. This also has to be set and 
machined like a tongue rail, and must lie against the point 
rail, to which it is fished, usually by four bolts, but two 
rivets may substituted for the ineide bolts. Their function 
Is to take itiiear. In some deigns the end of the splice rail is 
hmmed in tim head of the point rafl. The housing may 
ea^^go d fbr § inu multiplied by the number of crossmg. i:%.e 
pasHlou ci splice should take aecdunt of the dearazioe 
block Ike ajud tieepm; mpjpGst. T%e 
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The question of length of wing rails is important. If they 
are long and straight in advance of the nose, they reduce the 
radius of the turnout curve, and add to the weight, but thus 
increase the mertia and resistance to shock. Behind the 
nose the check rail portion need only be long enough to 
lead in wheels trading, with sufficient flare, but they should 
extend over at least two sleepers behind the nose, exclusive of 
flare. In some layouts the wing rads may be extended as check 
rails to another crossing, so that flaring will be unnecessary. 

If B.H. rails are used the chairs hold the crossing together, 
but for F,B. rails the clearance blocks should be wide, say 6 in., 
and double bolted in every case. Every care must be taken 
in design to see that these blocks do not tend to tilt the rails, 
when the load comes on, and give aU possible support. Chairs 
and blocks must allow for rail wear, and not become subject to 
be struck by wheel flanges. It is not sufficient to allow only 
the maximum shown in Art. 54, especially on either side of 
the nose. 

The clearance blocks, which shoidd be well fitted, will 
vary a good deal with their positions in the crossing. The 
bolts used should be at least 1 m. in diameter, preferably 
turned and fitted. Washers should fit the upper and lower 
fishing planes, and be sufficiently thick outside to allow of 
tightening of the bolts by spanners applied normally and not 
at an angle. The sides of the webs of R series P.B. rails 
being tapered, taper or spherical (Pig. 16) or bevel lock 
washers are necessary, 

A P.B. crossing has to have special chairs, usually of steel 
plate, with lugs pressed up, or riveted on, and steel taper 
keys are used to secure the flat bottoms. The B.H, crossing 
is much stronger all round, and less liable to chatty.” 
Twin hook plates are adjustable for any crossing ang^, 
and are each held by five long spikes. The whole crossing 
m the vicinity of the throat is preferably riveted to one 
steel ;|^te, but the riveting of some flanges to this plate is 
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not easy to arrange. The rivets should not be countersunk, 
or they are sure to work loose. 

Bampiug of the wing rails, although it relieves the nose, 
causes a certain complication by necessitating packing, or a 
double step crossing chair, and there will be difficulty in 
fitting the clearance blocks properly. It may cause lateral 
bogie oscillation. 



The check rails may be considered parts of a V crossing, 
just as they are in a diamond crossing. As they are subject 
to abrasion, they should be heat-treated. If they are hdd 
by damps the wedges should be driven on the inner side of 
the ohedk rail. Adjustment of dearance must be possible. 
The ends are flared about I in 24, but by altering check chair 
clearances a gradual lead in of the wheels, at 1 in 60 or better, 
should be given. The critical point where abrasion is worst 
is at a dearance of 2^ in. Clearances should be greater all 
round on the turnout side. 

Check rails should project about three-fiffhs of the length 
in advance of the nose, and be carried by sis: chairs on single, 
and flve cm double track. On sha^ turnouts, however, 
cheek rails may ha-^ to be to the bed of the 

tongue rail, they- may stsnd | in. In | hib b%hev dam ttm 
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miming rail, especiallj if Bissell tracks are used on. the 
locomotives. 

In a diamond crossing (Mg. 16) the security of fixing of the 
point rail is very important. The length of a point rail is 
limited usually by consideration of layout, since the heel of 
a tongue rail, or the wing rail of a V crossing, may have to be 
bolted to it. Considerations of layout also should fix the 
length of wing rail and check rail, and they should not really 
be made to a fixed pattern. A wing rail for a slip road may 
even be machined to form a stockrail. Check rails will be 
flared at the ends, but wing rails wfil not, since they are 
mvariably bolted to another rail. In France a check rail 
raised guard, bolted at the angle, is considered to be in- 
dispensable. The special chairs will, of course, difier entirely 
from those of a V crossing. A switch diamond is shown in 
Mg. 16 a. 

'*53. — ^Len^hs of Switches and Crossings. 

The whole turnout should be designed to require the mini- 
mum amount of cutting of rails, the avoidance of short 
closers, and the spacing of sleepers to the best advantage. 
The same layout, however, will not suit an ordinary crossover, 
a slip road, and a steep gathering line, even if the same 
switch and crossing be used. It may be necessary to shorten 
stock rails and even crossings. 

The practice of cutting straight tongue rails “ by the yard,” 
9, 12, 16 ft. and so on in length, is out of date, and the lengths 
have been much increased in order to obtain a small switch 
angle. The straight planing of partly curved switches also 
has been increased. The British Great Western Bailway 
uses a straight 32 ft. tongue with a Ho. 20 crossing and a 
radius of 3,698 ft. Partly curved tongues on British Rail- 
ways run up to a length of 33 ft. 6 in. German Railways 
have a 49 ft. switch, which with a No. 18*6 crossing gives 
a radius of 3,937 ft. One Mrench Railway uses a 14-metre 
tongue, sprung from a 24 metre rail, with a Ho. 
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Short tongues are hable to tip up, so that the length should 
not be shorter than the distance between any two following 
wheels. Long tongues, on the other hand, become very 
slender towards the toe. 

It has been suggested that the total length of crossing 
should not es:ceed R/90, but this cannot suit radii in modem 
practice. On one French railway the No. 20 crossing is 
27 fb, long. Grossings and wing rails are usually made sym- 
metrical and interohangeaj^le in turnouts of either hand. 


i4. — Clearances. 


When designing points and crossings, the thickness of 
tyre flange, and the distance between inner faces of wheels 
must be borne in mind. This is specially necessary on the 
turnout side, because the curve tends to throw the leading 
wheels out of centre, while the rest of the locomotive wheels 
may take up different positions, and hardly any wheels 
remain normal to the gauge. 

The following Table gives details for India ; 


Blst^oe between wheels .... 
MaacimuTn thickness of flange of tyre . 
Hinimum thickness of flange of tyre 
Maxiznnm distance, inner whi^l face to 
outside of flange ..... 
Minn nti in distance, inner wheel face to 

outside of flange 

Ihflerence between gauge and maarfmnTn 
distance ..... 

Dlflerence between gauge and minimum 

diataace 

M a xim u m cleawmoe* heel of tongue, check or 
rail opposite nose . 

Ilkumum okaianoe, do. do. 

l O trfmum space b^ow rail level for wheel 

Mhteuni eiMPaam at ^ opei^ 

. 


Gauge. 
6' 6" 

Metre. 

2' 6" 

fit. ins. 

6 3 

H 

i 

ft ms. 

3 0# 

# 

ft. ins. 
2 3i 

1 

6 4J- 

3 If 

2 

6 3| 

3 If 

2 4 


If 

* 

2| 

2f 

2 

1* 

If 

;i 

it 


i* 

St 
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Thus, if the wheel flanges are new, and the inner side of the 
flange is bearing against a worn check rail, the other flange 
is just grazing the nose of the crossing. If the flange of one 
wheel IS bearing against one stock rail, the inner edge of the 
opposite flange is just grazing the opposite tongue rail at the 
heel. If the wheel flanges are worn to the full permissible 
extent, and the outer edge of the flange is bearing against 
the running rail opposite the crossing, the wing rail of the 
crossing has to deflect the wheels by the difference between 
the clearance (unworn) and 2f in., 2^ in., and 2 in. respectively, 
or by about half an inch in any case. In order to lead the 
wheel in without undue shook, and bend the wing rail to a 
curve, the clearance at the throat of a V crossing is made 
greater than the normal. This is specially necessary for 
crossings of low number. This leading in without undue shook 
has to be considered in the flaring of check rails and of the 
check rail portion of a wing rail in V crossings. If the wheels 
are worn, and one flange is bearing to the full extent allow- 
able, against a stock rail, the inner end of the opposite 
flange will rub against the heel of the tongue rail. The heel 
is loosely fished, as a rule, to permit of pivoting j&reely, so 
that not only does the tongue rail tend to become further 
loosened, but also receives a violent blow, if the switch is 
passed through in a trailing direction. 

Several devices have been proposed for the better securing 
of the heel. These include hinge, fulcrum blocks, and the 
lengthening and springing of the tongue rail, so as to bring 
the actual heel behind the point of fixed divergence. 

(iS. — Grossing Sleepers and Spacing* 

Crossing sleepers are of larger section than ordinary 
sleepers, being 12 in. by 6 in. in British and French practice. 
In some layouts 26 ft. and 26| ft* sleepers are used. 

In Fig. 7, 70 special sleepers are required for a 21 fh 
tongue, and 1 in 12 crossing. In the A-R.B.A. tumout to ^ 
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1 in 20 crossing with a 30 ft, tongue, there are 219 timbers, 
including 63 pieces 21 ft. 6 in. long. The content is 1,266 cub. 
ft. The use of single broad and strong sleepers demands some 
thought in arranging the spacing. Steel sleepers are used on 
the Continent, and should have a greater use. 

The spacing of sleepers must take into account the expan- 
sion intervals, but most designs do not show the necessary 
i in. at joints. The Indian Standards Office and the A.R.E.A. 
recognise one weakness by spacing sleepers closely just 
behmd the planning of the tongue rail. The spacing of sleepers 
under the crossing in Fig. 7 averages 2 ft., and sleepers near 
the crossing are skewed to half the angle of crossing. Rail 
anchors should be used freely, possibly against every third 
sleeper of the lead curves, and they are especially necessary 
with spring crossings. 

The superelevation of the turnout curve is even more 
important than on ordinary cmves. It is possible to ooimter- 
sink the inner rail in the crossing sleepers, but only by weaken- 
ing them. To lay the sleepers to a cross slope is the best 
method. Taking a right-hand tiunout and assuming the 
sleepers to be laid to a slope of 1 in 40, with a standard gauge 
of about 60 in. centre to centre of rails, the superelevation 
of the left lead rail is 1 ^ in. at the crossing. The right hand 
straight rail will then have the table If in. above that of the 
light tmmout rail, and the left straight rail 3 in. higher. 
The crossing therefore must be raised If in. more, on bearing 
plates or chaim, to be level with the left hand straight rail, 
and this will give the caressing 3 in. of superelevation above tihe 
right hand turnout rail. The difference of If in. can be run 
up along the right hand straight, and the left hand turnout 
rail, starting from the tongue planing in each switcffi, by using 
chairs or bearing plates graduaEy increasing in thickness by 
^ in. to If in. This method is used on the I 4 .M.S. with great 
beoeSt and allows an increaii^ of apeed through the tcnnout 
cncve at fmsoticHss, although ft is oC SO innoh use 
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crossovers, leading into a passing siding. Transition curves 
are mterpolated between the V crossing and the diamond 
crossing of the adjoining track. 

^^6. — ^Tomoui from Curved Track. 

Oases of this sort will occur chiefly (although not always) 
in difficult country, where the main line is curved. There are 
two main problems : 

(a) Curves of contrary flexure, where one is a right-handed, 
and the other a left-handed curve. (6) Curves of similar 
flexure, where both curves turn in the same direction. There 
are two cases of this problem, one where the new curve is 
of greater radius, requiring a crossing on the outer rail, the 
other where the new curve is of smaller radius, requiring a 
crossing on the inner rail, but one demonstration serves both. 
The former is used for preference on the L.M.S. and stepped 
chairs are useful to give cant. 

With curves of contrary flexures the curve lead will be 
shortened, and with curves of similar flexures will be length- 
ened, compared to the curve lead of a turnout from the! 
straight. This is, however, largely compensated for by a 
shortening and lengthening of the switch lead in the respective 
oases, so that the lead is of nearly the same length. The 
length of switch lead must be considered when selecting the 
length of tongue, which should be shorter for curves of 
contrary than for curves of similar flexure. 

There are in these problems three variables (two curve- 
radii and the number of the crossing), two of which must be 
assumed. 

It is not worth while to examine these cases in detail. 
The Inspector has not the means to adjust the switch, by 
bending the stock rail to the curve while leaving the tongue 
straight, unless he can And or be provided with slide chairs 
and stops to suit. The design will have to be a workshop job. 
At the same time he may have to use standard switches in an 
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emergency. He can interpolate a length of straight, the 
length of the stock rail or the whole length of turnout from a 
straight track, and then slew part of the original curved track 
to a curve of smaller radius, corresponding to the central 
a-n glft of the arc and to the shorter length of the arc. 

Calculations in former Editions have assumed that the 
curves of confrary and similar flexures have common tangents, 
and iiiat the Inspector will have in stock switches and cross- 
ings of such numbers that any turnout curve can be fitted in. 
This is not a practical assumption. A “ split lead ” with 
curves of equal radii turning out of a straight track can be 
arranged with standard switches. Equations (1) and (2) may 
be used, D being half the gauge, and a half the angle of crossing 
used, since it will lie symmetrically. The equations can be 
used to design special switches, also to determine where and 
how the crossing ■^ill lie with curves of unequal radii. 

Xyfy . — Points and Crossings. 

Although the Insiieotor should be able to plan a layout 
wi^ standard switches and crossings, facing point layouts 
require careful working out with economy in cutting rails. It 
is of advantage to have the whole turnout manufactured to 
correct dimensions in a workshop, where the rails can be cut, 
drilled for fi^ and other bolts and marked, ready for hiying 
at the site. 

The material, loaded into wagons so that it can be dealt 
with in order, should be accompanied by a crane, which may 
also be capable of moving the wagons. The crane may be 
moimted on a oaterpiUar track and move on the formation. 
The wagons should be placed on a siding dose by, so tlmt the 
material can be slung across without too much swinging of 
the crane. With erane equipment not only is much time i^ved, 
but the ^mg can be reduced to about twelve. Unloadh^ 
crossings by hand is a dillcult bioinesa. 

If tibie Inspector is jptot frmished wiWji sk he 
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prepare a dimensioned sketch from standard plans. The 
exact position of the nose of the crossing must be shown by 
reference to some fixed mark, a nail in a -well-driven peg, for 
example, but not where the crossing -will come and necessitate 
the reference being lost. If main line rails are to be cut, in 
advance of the stock raUs and behind the crossing, this and 
the drilling must be done beforehand. If the railway is being 
first laid, and sidings are being put in behind railhead, this 
will certainly be necessary. 

The line being broken, the rails and old sleepers are aremoved, 
and new sleepers slung by the crane, to be placed in approxi- 
mate positions. The crossii^ is slung into exact position, 
then the straight rails and the switches so that they can be 
linked. If the sleep er spacing has not been marked in the 
workshop, the switches and rails must now be marked, and 
the sleepers brought into position. They should then be 
brought to the correct lateral position, according to saw marks, 
over which a loghne is stretched. These marks may be inside 
or outside a straight rail. The stmight on the crossing side is 
then carefully fastened down, and only when the alignment 
of -this is sati^actory should the other straight rail be fastened 
to the sleepers. Gauge should be exact, unless no bearing 
plates are being used between switches and the crossing, in 
which the rails take a slight tilt inwards by compression of the 
timbers. 

The turnout lead rails can then be dealt -with. The curve 
may be checked by co-ordinates, foimd by calculation, or by 
versines from a chord. The stock rail on the turnout side noay 
have to be set slightly by the jimorow at the end. Con- 
neoting rods are -then fitted between the switches, and the 
other connections -turned over to the Signal Fitter. The check 
rail is bolted or clamped. 



CHAPTER V 


y OALOULATIOKTS 

^;E(8.— Estimation of Speed, 

Ths speed of a train can be ascertained by timing between 
mile or quarter-mile posts, or evenly spaced telegraph posts, 
and by calculation. A simple method is to count the beats 
of the wheels at the joints, provided that the normal length 
of the rails is known to the Inspector not to vary, for a number 
of seconds equal to two-thirds of the rail length in feet. The 
number of the beats will equal the speed in m p.h. 

A train travelling at 60 m.p.h. over 30 ft. rails will pass over 
176 joints in a minute, negleotiog 44 in. of expansion intervals. 
Sixty beats will be counted in 20*454, say 20 seconds. Thirty 
beats will be ooxmted in this time at 30 m.p.h. For other 
Im^ths of rail L, the formula is L X 20*464/30. 

For long rails, halve the time and double the number of 
beats. Bogies wiU cause a double beat, the second of which 


Evidence may be required of the speed of a train from an 
Impeotmr standing beside the track. Similar formulae can be 
'tm^ed out for passenger and goods traias by the average 
Idbglhs of coaches or wagons. 


Sft^^Oiroalar Cimras. 



mr chains (the 66-fti. chain of 100 links in 
hi India oir the United States, or the 
1^ be deltoed by 
at 'the centre by 
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an arc of one chain in length In some textbooks the chord 
of one chain is prescribed, but the length of a chord is not 
proportional to the degree of a curve. A length of arc equal 
to the radius subtends 57 '2958 degrees at the centre. 

A one-degree (1°) curve has a radius of 5729'58 ft. for an 
arc of 100 ft., a 2® curve has half this radius and so on. For 
chains of other lengths multiply the length of cham by 67 *2968 
to obtain the radius of 1® curve. 

The older railways adopted radii of so many chains, and the 
central angle subtended by a chain can be determined by 
dividing the appropriate figure by the actual radius in feet. 

The exact length of the circular curve is obtained from the 
total deflexion of the two tangents divided by the degree of 
the curve and multiplied by the length of the chain. With 
a tangent deflexion of 22° and a 2° curve, the length will be 
1,100 feet, along the centre line of the track. 

A circular curve can be laid out by offsets from a tangent. 
The formula, with degree curves, for a given abscissa or dis- 
tance measured along the tangent, is R sin a (central angle), 
and for the ordinate or offset, at right angles to and at the 
end of the abscissa, is R(l— -cos a)s=R versin a (see Art, 48). 

Another method of sotting out is shown in Fig. 17. The 
final and last offsets are one-half of the normal offset for the 
length of chord, not the same at both ends. The offset is 
not measured at right angles to the abscissa, but to the end 
of the cham, moved over to lie along a chord. 

JBirfc. — ^To find O, the full offset for a chord of 66 ft., divide 
4366 by the radius R ; for a chord of one chain of 100 ft, divide 
10,000 by R, 

Proof . — By sim i lar triangles, OjC = C/R. O = 0®/R. 
O 4,366/R, or 10,000/R. 

To obtain the degree of a curve, stretch a string 61 ft. 
9i in. long to meet the inside edge of the curved rails at the 
ends of the string. Measure with a foot rule in inches the 
versme or distance from the middle of the striog to the rail. 
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The accurate formula is t = R vers <x, a being the central 
angle subtended by a chain of 100 ft , but a close approxima- 
tion is given by v = 3 C/2 R where v is the versine, O the 
length of chord (it may be a rail length which has to be bent). 
This formula becomes too inaccurate for long rails and for 
sharp curves. 

To bend a rail to a curve, a platform of sleepers is laid, and 
the curve of the rail marked on it. The rail is placed tangential 
to this curve, the Jim-crow or bender is applied at the end 
of the rail and a slight pinch is given by turning the screw. 
A chalk mark is made opposite the screw, and the bender 
moved along until one jaw is opposite the mark. Another 
pinch is given and the process is repeated until the whole 
rail is bent. A good deal of judgment is required to assess 
the amount of the pinches. If many rails are to be bent, 
it is best to purchase a special bending machine. There 
appears to be no advantage in bending rails to fit curves of 
less than 10® of curvature. The rails can be sprung and held 
by the fastenings, provided that there is sufl&oient ballast or 
soil thrown in to pre^Ant lateral movement. 

60f— Rail Joints on Curves. 

If all the rails are of the same length, the inner raU joint 
on a curve will attain an advance or lead over the outer rail 
joint, and in the aggregate the amount may become consider- 
able. If the joints are supported or “ staggered a slight 
amount of lead may not matter, but if suspended joints are to 
be kept as square as possible, then the amount of the lead 
requires calculation. 

If L be the standard length of the rail plus the expansion 
interval, the lead or advance at the joint of the inner rail is 
(R + Q'l2) L/ (R --.G' /2) =;= G'L/R, exactly. R == the 
radius of the curve, and G' == the track gauge, plus any 
wid^nng of gauge, plus the width of head of the rail ; the 
advance, of course, oooturs at the centre of the rail head. An 
M 
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approximate calculation, without any widening of gauge, 
is one inch per degree of curve per 100 ft. of curve on the 
standard gauge, or 1 *15 in. on the 6 ft. 6 in. and 0 *7 in. on the 
metre gauge. See Table for examples. For the total advance 
multiply the above by the central angle of the curves. 


Advance of Inner Bail in Inches. 


Gauge, 

Centre to 
centre of 
rails, m. 

Length of 
rail. ft. 

Curve Radius ft. 
2866, 8432. 

716 

5' 6"^ 

68 75 

36 

0*8 

1-7 

3*4 

5' 3^ 

66*75 

45 

1 0 

2*0 

4*0 

Standard 

59*26 

46 

09 

1*8 

3*6 

3' 6^ 

44 26 

36 

0*6 

11 

22 

Metre 

41*76 

36 

0*6 

1*06 

2*1 

2" 6^ 

31*76 

30 

0*3 

0 54 

1*1 

2' 

25*6 

30 

0*27 

0*63 

1*06 


^e advance is proportional to length of rail, and to dis- 
tance centre to centre of rails, and inversely proportional to 
radius. 



On turnout curves, the oaioulated radius is that of the gauge 
line of the outer rail. To this must be added, half the width 
of rail table. The radius of the inner rail, for puxpc^s of 
ealoulaidc^ ihe advance, will be less by the wid^iing, if any, 
aiad the dUstanee eent^ to oentce of rails. 
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by the Author in the Railway Engineer for October, 1930. 
Rail lengths are plotted alon^ the basehne, and 01, 12, etc., 
are the joint advances for one rail length. The circular 
curve extends from B to C. AB is the length of transition 
curve, the second commencing at 0. BB' is any convenient 
unit. 

The advance at joint 2 will bear a simple proportion (area) 
A22' to 44' 66 (area). The advance along the whole transi- 
tion will thus be the area ABB', half what it would be on an 
equal length of circular curve. 

The advance of the inner rail may be adjusted on curves 
of very large radius by sorting the rails so that those slightly 
longer are laid on the outside. The advance may be allowed 
to accumulate until the advance becomes equal to half the 
distance between the two central boltholes in the fishplate, 
say 4| in., but this causes cutting and a new bolthole must 
be drilled. Taking all factors into account, including string 
lining and the ultimate transposing of outer rails after side 
wear with inner rails, the advance may be allowed to accumu- 
late from the centre right out to the straights, and be ihere 
adjusted by cut rails. The sleepers should be laid radial to 
the curve, but the bearing plates will not necessarily come on 
to the middle line of the sleeper. If the jomts fall over three 
sleepers, experience shows good and quiet running. The 
sleeper spacing will be different for each rail, but this is capable 
of calculation beforehand with a little study. 

GAA-Widening on Curves. 

This is determined by Roy’s Method, which obviates 
drawing a curve of very long radius and a relatively short 
wheelbase, to the same scale, and determining the offsets of 
the wheel flanges to the curve by minute measurement. 
The principle depends on the fact that if the scale adopted 
for tb® wheelbase be 1/n, say 1/40 for a locomotive wheel- 
base of about 18 ft., the scale for the curve must 'be 
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1/1600, or l/a®. It may be desired to reduce the tyre thick- 
ness to half scale. In that case, the other two scales must be 
reduced to one half, i.e. 1/80 and 1/3200. 

It is not necessary to draw the gauge lines of both rails at 
the normal gauge distance apart. The second or inner hne 
need only be spaced apart by the dimension of the total 
clearance between gauge and wheel flanges, f in. with British 
normal flanges. The pomt of contact between leading wheel 
flange and rail will be in advance of the centre of the wheel, 
&om which the “ rigid wheelbase ” is usually measured in 
locomotive drawings. The angularity of the driving wheel- 
base must also be determined (see Art. 15). Only if the inner 
side of any flange touches the second inner hne, should the 
gauge be widened. The flange thickness is sometimes varied 
on the driving wheels. 

There remains the determination of the position of the 
leading bogie wheels or the wheel of a Bissell truck, seldom 
used. The line of the wheelbase is continued to, and it may 
be in advance of, the bogie centre, if it is not pivoted, or to 
the point of contact of the truck wheel. The oSset to the 
curve gives the amount of the “ play.” 

If the positions of the wheelbase and flanges are traced 
on a piece of tracing cloth, or transparent celluloid, this may 
be placed at diflerent positions on the plan of a turnout, 
drawn according to these principles, and the points where 
most wear can be espeoted will be disclosed. The action of a 
check rail to a curve or opposite the nose of a crossing can be 
studied sunilarly. 


I or SapereleTati<m. , 

When a vehicle is running on a curve, its tendency to oon- 
tiane hi a straight line is resisted, and the vehicle is 

to the carved by ^e esntri^tal force 
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the centrifugal force, which acts on the vehicle at right angles 
to the direction of its motion and through its centre of gravity. 
The higher the speed and the sharper the curve, the larger 
the centrifugal force becomes, and if no superelevation were 
given to the track, the vehicle might overturn with the outer 
rail as a hinge. To distribute the weight evenly over aU the 
wheels the superelevation should bear the same ratio to the 
distance centre to centre of the rails as the centrifugal force 
bears to the weight. That is to say, the resultant of the 
centrifugal force and the weight in the parallelogram of forces 
should cut the plane of the two rail heads in the centre of the 
track. 

The formula for the centrifugal force is W where 

g is the accelerative effect of gravity, 32*2 ft. per second, and 
the other symbols (V m feet per second and R in feet) are 
self-expressive. If E be the required cant in feet. 

E/G'={WVVgR) W-=VVgR 

and E-=^G' VVgR«=G'VV32-2 R 

It is more convenient to determine E in incheis^J and 
substitute V in miles per hour. 

Then E==12 G'VV32-2 R x 6280/3600 =0-8 G'V»/R 

Q' is the gauge plus width of one rail head, that is the dis- 
tance centre to centre of rails. 

The centrifugal force may be added to or diminished by 
pressure of the wind blowing, respectively, from the inside 
or the outside of the curve. The total wind pressure is the 
product of the pressure in lb. per ft. over the surface pre- 
sented by the length of the body multiplied by the height 
to the eaves, and is divided between the two axles of a four- 
wheeled vehicle or the two bogie bolsters. 

The amount of cant determined by the usual formula 
cannot be correct both for fast passenger trains and for slow 
goods trains. The slow train imposes a much greater load 
on the inner rail, and, if a deficiency of cant is accepted for 
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the fast trains, the crashing of the table, and possible drawing 
of the fastenings, of the inner rail is reduced. More wear 
may be experienced on the outer rail, because it is a matter 
of experience that increasing the cant reduces the grmding 
of the outer wheels. The proportion of very fast trains is 
small, and an extra fastening on the inside of the outer rail 
wtU meet any danger of drawing. 

To adhere rigidly to any table of normal speed on a given 
radius is a mistaken course. In rolling country a curve at a 
summit caimot be operated at such a high speed as a curve 
of equal radius in a hollow. On a double line a curve occurring 
on a gradient should not have the same cant on both lines. 
A compromise has always been made on single hues, and the 
deficiency has not resulted in accidents. 

Transition or Approach Carves. 

The object of interpolatmg transition curves is to avoid 
the sudden effect of centrifugal force acting on a vehicle 
directly it reaches the tangent point of a circular curve, a 
point at which it is not correct to give the full cant. The 
cant must either be ran out on the straight, or be gradually 
attained on a curve on which the centrifugal force at constant 
speed increases gradually in proportion to the curvature at 
any point. This is not strictly the case if there is a deficiency 
of o*ait on the circular curve, in modem practice, but the same 
length of transition is adhered to, as if the full cant in the 
eqnilibrium formula were allowed. 

The equation to the true transition curve, ha co-ordinates, 
is of the form 

y =5 Mx*(l-f-ax*-j-bx®-l-ox^®, etc.) 

The ^hle parabofe is an approximation to the true fmmula, 
pcoyhlsd lihat tibe ^tQZ> in Wig. 1& does not exceed about 

begins to ineiease 
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Y = ordinate at the common tangent = L 

S= shift mwards of the whole circular curve = LV24B 
OF= 2L/3. 

The values of the versines are given in Art. 64. 

In string lining, the best compromise is made, but the final 
result will hardly be as exact as if the transitions at each end 
and the circular curve had been originally set out. The shift 
inwards of the circular portion may bring the track to the 
inner edge of the formation. 

It is important to settle the length of the transitions, which 
have a length of twice the arcs cut off from the original 
circular curve, one at each end. A certain cant gradient may 
be taken, involving a certain increase in cant per unit length. 
If there be no deficiency allowed, this may be an inch in a rail 
lei^h, 1 in. in 360 in. or a gentler gradient. On I 1 .M.S. 
tracks run over by the Coronation Soot at 80 to 90 m.p.h., 
the transition lengths have a minimum length of five half- 
chords, a chord measuring 1 *61 ft. multiplied by the maximum 
speed in m.p.h., and the cant is run up at 1 in. per half-chord. 
On the Great Western of England, for unrestricted speed the 
cant gradient is an inch in 120 ft. Where there is a quadruple 
track, with extra spacing, the transitions wiU require careful 
planning, and the problem becomes easier if the fast tracks Ue 
outside the slow tracks. 

While these considerations must be given weight, it is 
desirable to take a multiple of the rail length as the length of 
transition, and to arrange that one or more steps on the inch- 
board used for cross-leveUing shall give the increase of cant 
per outer rail length, or half-chord taken in string lining. 
The full cant should ^o be so many steps on the inohboard. 

It is simple enough to take the transition length as a multiple 
of rail len^h at one end of the circular arc, but, unl^s length 
of tihe circular arc also is a multiple, curtain complications will 
arise at the ol&er end of the circular arc, because the joints 
will not fall in the same relative positions for running up the 
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cant. There are two remedies, both of which may be reqiured. 
A pair of short rails may be interpolated, or the radius may be 
shghtly altered, so that the length along the outer rail may 
be a multiple of the rail length. 

64. — String Lining. 

In adjusting the results of measurement, as carried out m 
Art. 31, to obtain as smooth a curve as possible, certam 
he .grasped, 

I. It can be proved that the sum of the versines, includmg 
those of the transitions, must be constant. The sum of the 
changed versines must agree with this figure. Therefore, 
the sum of the amounts of change, plus or minus taken to- 
gether, must be zero. 

II. A decrease of the versme tends to throw the curve 
following it outwards, and an increase inwards. This has 
an application if a length of straight has to be interpolated 
for a turnout jfrom a curve (Art. 56). 

III. An increase or decrease of one unit to a versme slews 
the next station two units, the next station but one four 
units and so on, with a cumulative effect throughout the 
remainder of the curve, unless or until there is another 
change of measured versine, and this again becomes cumula- 
tive. Interpolation of a transition affects the whole curve. 

IV. In the final result, the slew, and also half the slew, 
must be zero, otherwise the realigned curve will no longer be 
tangential to the following straight. 

The measured versines shoxild be plotted graphically by 
offsets from a datum line, on which the stations are plotted 
at equal distances. The seal© for the offsets will be distorted 
for facility of plotting. An idea can thus be obtamed, by 
drawing a trial line, of changes to be made in the versines, but 
the areas above the original line as plotted should nearly equal 
iii© areas below the line. 

A graphical method of adjustment was given by Mr. W. H. 
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Shortt in Selected Paper No- 3, Inst. C.E., and another in 
P.W.I. Journal, VoL LI, Part I In the same Journal the 
method of M. Hallade for an anal 3 rtical calculation is given. 
This involves a consideration of the “ Moments ” induced 
by cumulative effect, but the calculation is made easier in 
Bartlett’s method. This has been published in “ String 
Tiining Made Easy ” (Simmons Boardman), also in “ String 
T -ining of Railway Curves,” by P.E.Kmght (Railway Gazette). 
A series of articles by the Author of this work appeared in 
the Railway Engineer, 1929 Bartlett’s method is recom- 
mended, although experience will be necessary before rapidity 
can be expected. 

The measiued versines in units are entered opposite their 
respective stations on a slate. In the next column comes the 
changes proposed, by reference to the diagram mentioned 
above. In a fourth column come the differences, plus or 
minus, obtained by deducting always the proposed versines 
from the measured versines. In the fifth column comes the 
sum of the differences up to date, including therefore the 
cumulative effect up to date. In the last column is the half 
slew at the station, to be doubled when slewing on the ground. 

A. To obtain the sum of differences at Station 10, the sum 
at Station 9 is added to the difference at Station 10, wdth due 
regard to sign. 

B. To obtain the half-slew at Station 10, the half-slew at 
Station 9 is added to the sum of differences at Station 10, 
again with due regard to sign. A plus result requires slewing 
out and a minus result dewing in. 

O. There will almost certainly be a residual half-slew at 
the last Station, or pwhaps opposite a fixed structure, on first 
working out. The cumulative effect mwt be remembered. 
The adjrttteen t may be quickly made by taking one or more 
isi giving two more (or iees) at the first 

and less (ori{mns)attlmseasitdi«otitatther^^ 
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In selecting pairs of stations neither must be one of those 
included in the transitions. The versines m these must follow 
fixed principles. 

The offset from a tangent to a transition curre at any 
Station IS equal to the cube of the number of the Station 
(1, 8 , 27, 64, etc ) divided by the cube of the number of 
Stations in the transition length L, and multiphed by L^GR. 

Thus, at Station 3 in a four Station transition, o = 27 /64 x 
L^/ 6 R, and at Station 4 = 64/64 LV 6 R. 

The versines, for practical purposes, run in a series, for a 
four Station transition, 1 (at the springing), 6 , 12 , 18, 23, 24 
(circular curve) , all multiplied by LV 6 R, and divided by 
128 {twice the cube of the number of the Stations). The 
senes is extended in a six Station transition 30, 35, 36 (circular 
curve), but the divisor is 432. The versines will be expressed 
in the units adopted for measurement. 

The sum of the versines of a transition is greater, therefore, 
than the sum of the versines of the circular portion of the 
curve replaced by the transition This is the reason for the 

shift,” see Art, 63. It may be embarrassing to use a long 
transition in realignment 

Shortt’s graphical method requires a long sheet of squared 
paper. He devised an earlier method about 1909, which may 
be useful in a preliminary revision of a curve in difficult 
country or if there are many structures, using distorted scales. 
The principle for selection of scales is that 

R/L li/D IO 5 where R is curve-radius, L rail length, 
and D versine. Thus the scales may be, for R, 200 ft,, for 
L, 20 ft., and for D 2 ft., to the inch. For long curves of small 
radius R/L may be equated to 5, the scales becoming re- 
spectively 200, 40, and 8 ft. to the inch. 

A method of calculation for extensive regrading, in cases 
where ballast is largely deficient, was worked out, similarly to 
the string lining method, by the Author in the Railway 
Engineer for December, 1930. 
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To Set out a Diversion. 

Assume the lay-out to be symmetrical, as m Fig. 20, all 
curves bemg probably the sharpest allowed with pieces of 
straight in between of 100 to 200 feet in length. 

Jlule . — ^To find L the length of each half of the diversion, 
add together S®, the square of the straight portion between 
the reverse curves, and 4 E.D the product of four times the 
radius into the maximum offset of the diversion from the 
main line ; subtract D*, the square of the maximum ; and 
take the square root of the result. 

To find the tangent T, divide RD, the product of the radius 
into the maximum offset, by L + S, the sum of the half of 
the diversion and the length of straight between the reverse 
curves. 

Formulae — 

L == V (S2 + 4RD - 

t=_J55- 

(L + S) 

Vir&^iona . — ^From the middle point of the Ime whioh is 
to be diverted, set ofi the predetermined offset D. From 
the middle point of the diversion thus determined, measure 
parallel to the main line and in both directions the tangent 
lengths T. This fixes on each side one extremity of the 
common tangent lines. From the middle pomt of the line 
which is to be diverted measure back along the line in both 
directions the half-length L. This determines the beginning 
and the end of the diversion, fcom. each of which again the 
distance T must be measured back along the line, to fix on 
each side the other extremity of the common tangent lines. 
These common tangents may now be lined in, and the four 
tangent lengths T measured off, leaving the required length 
of straight S in the middle. 

If necessary, a piece of straight may be allowed for at the 
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middle of the diversion opposite O, making the whole length 
of the diversion by so much longer. 

66* — Turnouts and Crossovers. 

A turnout from one hne to another (Fig. 21a) is made by 
means of a pair of switches, a crossing, and a reverse curve 
amnning in the direction of the second line, with or without 
an intermediate portion of straight hne. 

When a turnout enters the other hne by means of a second 
crossing, and a second pair of switches, itJj^G omga a cross^ 
oyer (Fig. 21b). 

The whole length of a turnout is made up of : 

(a) Length of tongue, 

(b) Lead of crossiug (L), 

(c) Intermediate portion (S), straight or curved, 

{d) Curve-lead (L'), any radius may be used ; 

while that of a crossover is made up of — 

(a) Length of tongue, 

(b) Lead of crossing (L), 

(c) Intermediate portion (S), straight or curved, 

(d) Lead of crossing (L), possibly of different number, 

(e) Length of tongue. 

67. — Gathering Line. 

In Fig 22, let 

S— distance from nose to nos© ot crossmgs, measured 
in the direction of the parallel roads. 

V=the same, measured in the direction of the 
gathering line. 

D—distance between parallel roads, centre to 
centre. 

a=angle of crossmgs, 

6=angle which the gathering line makes with the 
parallel roads. 
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Then, 

V =D co^ec e S=D cot d 
T 

To find the position of the crossings, measure Z, as 
mdicated, from the intersections of the gauge-lines of the 
parallel roads with the gathering line. 

The measurements Y and T will give the points necessary 
for lining in the continuations of the curves beyond the 
crossings. 

When d = “ the hmiting angle,” i e. the greatest angle at 
which the gathering Ime can be run across the parallel lines, 
each crossing fits against the butt of the next stock rail , 
if the gathering line be indefinitely extended, the tracks being 
equidistant, each crossmg in succession will occupy a similar 
position. It will be found, however, that the road next to 
the running road will he at a greater distance than D, in some 
cases. 

To find 0 the limiting angle, V must be equal to the sum 
of the length of the crossing behmd the nose, the tongue, that 
part of the stock rail which lies beyond the toe of the tongue 
and butts against the crossing, and the lead, while D must 
be equal to the distance between roads. 

Part of the stock rail can be cut off to make the angle still 
greater, and also part of the point rail and splice rail of the 
crossiog. 

When the gathering line runs across the parallel lines at 
the angle of the crossings, 6= a and 

V = D cosec a and S = D cot a 

68. — Crossmg more than One Line — Diamond Crossing. 

The turnout curve may be continued to cross a parallel 
track, or more than one, if the turnout occurs at a junction 
(Kg. 23). To determine the numbers of the successive V 


C/(^Q^a)\) T sin a 


T sin {(f—a 
sin 0 
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crossings in the rails, we transpose the formula in Art. 48, 
D = R versine a into versine a = D/R. 

D, contains an element o, the offset, inside or outside the 
gauge line of the track, to the springing of the turnout curve. 

If 0 be the distance centre to centre of tracks, the ordinates 
m succession will be : — 

At No. 2 crossing, C — ^ o ; at No 3 crossing, D -h C ; at 
No. 4 crossing, 2 C — o , and for No. 5 crossing, 2 C -f- D. 

These ordinates will be substituted for D in the formula, 
to find the angles of the crossmgs 

We calculate the successive curve leads corresponding to 
the angles of V crossing by the formula (Art. 48) L == R sin a. 
Similarly, the angles of the diamond crossings can be calculated 
For accuracy, the radius R — G for the inner rail should be 
taken for all crossings where the inner rail crosses other rails. 

The crossings may differ in number. In one actual 
example, the first V crossing was 1/9-5, the obtuse crossmgs 
1/8 and the other V crossing 1/7. This results in better 
running than a symmetrical diamond, to which the turnout 
curve can be joined by a transition curve. 

— Single and Double Slips. 

A symmetrical diamond is practically demanded if slips 
are to be got in, as shown in Figs. 24 and 25. On the 5 ft. 
6 in. gauge with a 1 in 8 J diamond AC is 94 ft. 

BC/AC = cos (90® — a/2) and AC = Q coseo a/2. 

T =: G coseo a 

DE = T — V (tongue length, plus projections of the 
stock rail and the crossing behind the theoretical nose). 
It does not follow that the curve of the slip will be tangential 
to the gauge line DA, but any offset may be ignored. The 
curve, tangential to one tongue at the heel, will have a radius 

R =: (B — d) / [cos h — cos (a — 6)] 

B == G — V cosec a. 




Fig. 25 
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From the exsecant Y = R (sec a/2 — 1) must be deducted 
the offset o, to be calculated, if the centre pomt of the shp 
curve IS to be found for better lining. 

In Fig. 25 a set of double slips is shown, but the points are 
not usually set for the cross roads Normally, the tongues at 
the V crqssii^_are connected by a knuckle joint, so that when 
one is open the other is shut 

70, — Three Throw Points. 

These are seldom used. Special crossings wiU have to be 
used, as the standards will seldom fit the needs of the case. 
Three throw pomts are most likely to be required for king- 
^^lOtchos ” in large marshaUmg yards below the hump, but 
the traffic is hardly likely to be so symmetrical that the loss 
of 100 feet or so by usmg tandenij fciirnouts on one side of 
the yard would be a serious matter. 
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APPENDIX 

STANDARD DIMENSIONS EOE INDIAN RAILWAYS 
WITH ALLOWANCE FOR ODEVATDBl 




TABLE I 

BRITISH STANDARD RAIL SECTIONS 


(a) BtTLL-HEAD Rails (Report 9/1935) 


Weight. 

Depth 
of Rail. 

Width 
of Head. 

Depth 
of Head. 

ib 

m. 

m. 

m. 

60 


211 

— 

65 


21 

1 — 

80 

5 

2ts 

— 

75 


2i 

— 

SO 

5| 

2* 

— 

85 R 

5-H 

21^ 


90 R 


2f 

IM 

95 R 


2i 


100 

s-i-s 

2i j 

2J^ 


(6) Flat-bottom Rails (Report 11/1936) 


Weight. 

Depth 
of Rail. 

Width 
of Head 

Depth of 
Head. 

Width 
of Root. 

Section 

Modulus 

lb 

in 

m 

m 

in 

m 

2511 

2i 

li 


2f 

1-88 

30 R 


14 

. . 

3 

2.44 

35 R 

3f 

li 

• . 

3i 

3.10 

40 R 

3f 

If 

. . 

H 

377 

45B 

3i 

Iff 


3f 

465 

SOB 

4* 


m 

3fg 

543 

55 B 




4f 

6. 22 

60 R 

4|' 

2i 

i« 

4A 

7 04 

65 R 


2t\ 



7-79 

70 R 


2| 

. 

4| 

8 73 

75 R 

S* i 

2-ft 


4ii 

9-72 

80 R 

61 

2J 


6 

10 76 

85R 

6tV 

2* 

* * 

6-^ 

11-61 

90R 

6f 

21 

m 

6| 

13-05 

95 R 

61t 

2ff 



14-22 

100 R 

6 

2i 

. , 

H 

15-37 

105 

6* 

m 

• . 

6f 

16-57 

110 

6i 

2f 

HI 

6 

17-48 

115 

6| 

2ff 


6i 

18-50 

120 

6i 

3 

* * 

6i 

19-73 


The foot of a bull head rail is as mde as the head. The secticm moduli 


of these rads were not worked out. 

185 










APPENDIX A 

STANDARD AND REGOaiMENDED 
DIMENSIONS FOR INDIAN RAILWAYS 


Note. — The following are abstracted from a large number 
of dimensions for the use of Permanent Way Inspectors, 
The other dimensions rather concern the Engmeer, and the 
Inspector will seldom be required to check them, except in 
the case of tunnels, which are rarely included m his length. 

The dimensions in width will require to be increased as 
noted in Appendix B. 


Gauge, 


Item. 

6' 

6" 

Metre. 

2' 

6' 

[ S' 0" 



R 


R 


R 


R 

1. Formation, single 
line — 

Minimum width, 
embankment 


20' 0" 


16' 0" 

10' 0" 

12' 0" 

9' 0" 

10' O'' 

Do , do. Cutting 
(excludes side 

drains) 


18' 0" 


14' 0" 

9' 0" 

jH' 0" 

8' 0" 

9' O'" 

2. Spacingof 

Tracks — 
Minimum distance 
c. to c. of tracks, 
outside stations. 

14' O'' 


12' 0" 


11' 6" 

i 

1 

11' 0" 


Do. do. in station 
yards, passenger . 

14' 0" 


14' 0" 


13' 6" 

1 

13' 0" 


Do. do. not adjoin- 
ing passenger i^ra^cks 

14 

. 

12' 6" 

14' 0" 

12' 6" 

h-» 

o 



12' "0 

12' 6' 

1 

8. Maximum Degree 
of Curvature, on 
Main Line — 

For unrestricted 
Speed allowed on 
the gauge 





10® 


16® 


In any circum- 
stances 



16® 


40® 


60® 


Corresponding 
radii . 

• • 




573 


368 


feet . 

673 

• * 

368 


143 

* • 

96 

* 
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cole’s pbemanbnt way 


Standard and Recommended Dimensions for 
Indian Railways — comid 






Gauge 




Item. 

6' 


[ Metre. 

2' 

6" 

2' 

0" 



R 


R 


R 


R 

4. Timber Cross 
Sleepers — 

Minimum length ft. 


9 


6 


5 


4 

Do. breadth m. 


10 


8 

, , 

6 


6 

Do. depth m 

, 

5 

, 


, , 

4 

, 

4 

Spacing on longi- 
tudmal girders be- 
tween edges 


V S " 


10" 


10" 


6" 

5. Ballast — 

Width at foot of 
rail 


11' 0" 


7' 6" 


6' 0" 


6' 0" 

Depth below 
sleepers — ^mches . 

. 

8 

. 

8 

. . 

6 

. . 

6 

6. Rails— 

Minimuin, clearance 
of a check rail on 
a curve, inches 

1* 






li 


Note. — ^Increase the 
clearance by half m- 
crease of gauge for 
curvature. 

Do. do. at a level 
crossmg, mches 

2 


2 


2 


If 


Maximum do. do. 

2i 


2i 


2i 


2 i 


Depth allowed for 
wheel Eange 

li 

* • 

If 

. • 

H 

• , 

H 

1 

7. Buildings and 
Structures — 

Minimum Horizon- 
tal Distance &om 
centre of track to 
any structure from 
rad level to z feet 
above rad x *= 

I'O' 


I'O' 


O'd' 


I'O' 

I'O' 


S' 6' 

• • 

1 4' 6* 

1 

6' 3" 

4'0*’ 

6' 3-^ 

4'0' 

4' 6' 
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Standaed and Recommended Dimensions foe 
Indian 'RMLWiYS—contd. 



* IT 8" for electric traction. 

For Wheels and Axles and Clearances affecting points and 
crossing see Article 54. 






APPENDIX B 


ADDITION TO STANDARD DIMENSIONS 
FOR CURVATURE 

The under frame of a vehicle, standing on a curve, will take 
up a position along a chord to that curve over so much of the 
length of the vehicle as lies between the axles, or pivots of 
the bogie bolsters, as the case may be. The outer comers 
of the underframe will project further from the centre of the 
track than if the vehicle were standiug on a straight track. 

An addition to Standard Dimensions therefore has to be 
made, both on the outside and on the inside of the curve. 
The addition on the inside is equal to the versine of a chord 
equal to the distance between axles or bogie centres. The 
addition on the outside is equal to the difference between the 
versine due to the overall length and the length between 
bogie centres. 

The lengths of body, and bogie centre distances adopted 
for calculation by the Railway Board of India are, for the 
various gauges, at present : — 


Gauge. 

Length. 

Bogie centres. 

6' 6' 

68 

48' 0' 

metre 

64 

46' 0' 

2' 6' 

45 

83' 9' 

2^0' 

40 

30' 0' 


Since, however, vehicles moving at speed “ lurch ” to a 
certain extent, a further addition has to be made for this on 
the outer sides. On double track, there may be a lurch 
towards each other of the outer corners m the one case and 
the centre sections of the vehicles in the other. 
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cole’s peemanbnt way 


If abutments of overbridges are “ battered ” no addition 
may be necessary, and signal posts may be tilted to avoid the 
addition, but wherever there is a curve the Inspector must 
pay attention to the possibihty of addition to Dimensions 
If an obstruction between tracks cannot be tilted, a water 
column for instance, then the allowance for the outside must 
be added to the allowance for the inside to arrive at the extra 
clearance (plus the width of obstruction). 



INDEX 


Advance of rail lomts on a curve, 
161 

Adzmg of sleepers, 20, 25, 90, 106, 

110, 120 

Abgnment, 26, 49, 60, 79, 87, 114. 
157 

Alloy steels, 6 
Anderson earner, 121 


Ballast, 41, 42, 99, 122 

— cleaning, 59, 79, 97, 114 

— section, 43, 44, 46, 188 

— trams, 110, 125 

— wear, 42, 104 
Bartlett’s method, 170 
Batter, 10, 33, 70, 71, 107 
Bearmg area of sleepers, 26 

— plate, 6, 36 
Bendmg rails, 120, 161 
Bessemer steel, 4 
Bogie centres, 191 

Bormg sleepers, 25, 110, 120 
Bndge sleepers, 21 
British Standards Institute, 6, 15, 
20, 30, 36, 39 
Broad Gauges, 52 
Broken rads, 62, 72 

— sleepers, 94 
Buckling of track, 76, 79 
Bull he^ed rads, 6, 185 


Cant, 34, 48, 101, 154, 164, 167 

— board, 81, 84 

— deficiency, 48, 49, 167 
Cast iron, 2, 30, 40 

— sleepers, 30 

Casual renewal (spot-sleepering), 59, 
79, 93, 96, 106, 109 
Centrifugal force, 47, 49 
Chairs for B.H. rads, 12, 40 


Chamfenng rad jomts, 72, 124 
Changmg rails, 70, 72 
Check rad, 11, 140, 143, 145, 148, 
188 

Circular curves, 46, 158, 187 
Clamps for check rads, 12 
Clearance blocks, 12, 102, 143, 147 
Clearances (turnouts), 152 
Closers, 70, 113, 114 
Coach screws (screw spikes), 34, 35 
Combination, or compromise, fish- 
plates, 17, 79 
Concrete sleepers, 33 
Condemnation of sleepers, 94, 96 
Cole’s method, 130 
Co-ordinates to curves, 129, 159, 167, 
171 

Crane, 106, 109, 119, 156 
Creep, 20, 36, 39, 99, 106 
Creosoted sleepers, Handling of, 95, 
111 

Cross levellmg, 45, 79, 84 
Crossing angles, 132 

— sleepers, 153 
Crossmgs, 101, 126, 140, 152 
Crossovers, 126, 175 
Curve lead, 128, 135, 156 

— Ranger, 92 

Curved tongue rail, 133, 136, 137, 
151 

Cuttmg rails, 72, 110, 157 


Dancing sleepers, 63, 81, 99 
Dansometer, or Voidmeter, 80, 86 
Decay of sleepers, 20, 22, 23, 29, 

109 

Derailment, 49 

Diamond crossings, 126, 140, 143, 
161, 176 

Dip lomes, 106, 112 
Distorted scales, 163, 171 
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IlTDEX 


Divergen.ee, 128, 131 
Diversion, 172 
Dog spikes, 34, 35 
Double joint sleeper, 18, 29 
— sboulder bearing plates, 36, 39 
Drainage, 59, 65, 81, 98 
Drilling rails, 110 
Dust, 97 


Elastic spike, 34 

Expansion of rails, 13, 16, 32, 74, 76, 
84, 121, 154 

Fastenings, 28, 34, 40, 146, 147 
Fishbolts, tightening of, 14, 32, 41, 
76 

Fishplates, 15, 16, 17, 71, 77 

— failure of, 79 

— “ shims ” for, 77 

— “ working ” of, 13 
Flat-bottomed rails, 6, 185 
Formation, 41, 44, 187 


Ganger, 58, 60, 64 
Gangs, large, 59, 115, 123 

— length, 58, 60 
Gantry wagons, 105 

Gape of switch, 136, 140, 162 
Gathermg Ime, 175 
Gauge, 1, 35, 89, 102, 107, 119, 124 
•— ties, 36, 114, 136 

— widening, 32, 50, 102, 148, 162, 
163 

Grading, 79, 81 
Guard rails, 12, 140 


Heat treatment, 10, 15, 72, 124 
Heel block, 127, 137, 152, 153 
Hogged joints, 32, 77 
“ Hroting ” of locomotives, 6, 34, 
74 

Inspection, 59, 64, 66, 67, 94, 99, 

100, 102 

Insulated joints, 19, 78 
Iron, 2, 4 

Joint sleepers, 21, 29, 32, 95, 139 
Job analysis, 56, 65 


Keys for chairs, 40 

Lap seam in rad, 10 
Lateral stress, 6, 35, 46, 48, 49, 74, 
89, 91 

Laymg track, 104, 117 

— turnouts, 156, 176 

Lead of crossing, 128, 156, 167, 179 

Liftmg, 82, 83, 84, 117 

Lmmg, 26, 49, 60, 79, 87, 114, 157 

Lmkmg, 120 

Loading gauge, 61, 62, 64, 55 
Longitudinal sleepers, 19, 33 


Machine tools, 69 
Manganese, 5 
Material accounts, 62, 65 

— trams, 110, 118 
Measured shovel packing, 43 
Metre gauge, 64 

Middle ordinates (or versines), 92, 
169, 170, 191 
Mild steel, 5 

Modulus of elasticity of rad support, 
43, 45 

Motion on a curve, 47, 48 
Motor rad cars, 60, 65 

— Kules for, 61 

Karrow gauges, 64 

Occupation of track, 58, 105 
Odmg curves, 108 

— fishplates, 77, 78, 110 
Open Hearth steel, 4 
Organisation of labour, 68, 116, 123 
Over-nding tongue, 138 


Packing, 79, 83, 84, 86, 86, 99, 100, 
122 

Patrolling, 66, 66 

Permanent Way, Defimtion of, 1 

— Inspector, 62 

Plate sleepers, 32, 86, 89, 96 
Pomt rad (crossing), 140, 146, 161 
Points, 126, 136, 137, 161, 156, 181 

— and crossmgs, nomenclature, 127 
^mbols, 128 

Pot sleepers, 30, 85, 89, 96 
Premia, 57 
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Preparation of material, 109, 120, 
156 

Profile of worn rail, 108 
Protection of gang, 58, 69, 82, 113 


Rail anchors, 40, 66, 75, 154 

— bonds, 19 

— defects, 70 

— free jomt sleeper, 18, 32 

— joints, 13, 17, IS, 46, 74, 77 

— Press, 9, 11 

Rails, lengths of, 9, 11, 51, 52 

— manufacture of, 8 

— moments of mertia of, 7 

— section of, 5, 6, 7, 8, 107, 108, 
185 

— Q O TO 

— weights of, 11, 51, 52, 53, 54, 55 
Ratmg of track, 56 
Reconditionmg, 74, 77, 79, 82, 90, 

112 

Regaugmg, 28, 79, 89, 90 
Renewals, 93, 104, 112 
Roarmg rails, 73, 74 
Roy’s method, 163 
Running out lift, 84, 114 


Safety Pirst, 63, 65, 68, 88, 90, 91, 
94, 99, 106, 111, 118 
Salvage, 65, 112, 122 
Scissors crossmg, 126 
Scrap, 20, 62, 65, 96 
Self guarded crossing, 143 
Smuosity of rail, 13, 34 
Sleepers air conditioning, 24, 79, 94 

— length of, 21, 188 

— spacing, 19, 46, 96, 100, 124, 163 
Slewing track, 88, 89, 92 

Slide chairs, 137, 139 
Shp of wheel treads, 46, 73 
Shps (smgle and double), 179 
Solmg, 42, 125 
Spee^ estimation of, 158 

— allowable, 60, 131, 166 
Sperry detector, 71 
Spherical washer, 144, 146 
Spiking, 35, 66, 91, 122 
Splice rail (crossing), 140, 146 
Spring rail (contmuous) crossmg, 

144, 154 


Sprmg tongue, 140 
— - washers, 14 
Standard gauge, 50 
Starred or A rads, 9, 109 
Steel, composition of, 4, 5, 6 

— processes, 4 

— sleepers, 26, 66, 83, 89, 114 
Stock rail, 127, 135, 138, 157, 176 
Straight switches, 128, 138, 151 
Stresses m track, 45 

String linmg of curves, 60, 92, 163, 
167, 169 

Structural gauge, 2, 51, 52, 69, 85, 
105, 187, 191 
Sub-Inspectors, 63 
Superelevation, ^ee Gant 
Switch angle, 128, 130, 131 

— lead, 128, 155 
Systematised mamtenance, 58 


Termite, 22, 54 
Third rads, 12 

Three feet six mch gange, 53 
Three-throw pomts, 181 
Throat (crossmg), 135, 143 
Tightenmg bolts, 66, 69, 76, 78, 
101 

Tdt of rads, 33, 101, 107 
Tools, 63, 64, 67, 68, 123 

— misuse of, 78, 88 
Track jack, 82, 123 

— Recorder, 80, 81 
Tracklayer, 105, 117 

Transition curve, 131, 155, 163, 166 
Transposmg rads, 70, 163 
Transverse sleepers, 19 
Turnout curve, 101, 127, 128, 131, 
133, 135, 136, 151, 155, 157, 175, 
179 

— sleepers^m, 21, 29, 100, 153 
UmiOABiETG material, 110 


Vbbsine defimtion of, 129 {see 
Middle Ordmates) 

Virtual heel, 133, 136, 137 


Washers 14, 101, 147 
Water pockets, 42, 44, 45 
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Wear of crossings, 102, 146 

— points, 100 

— rads, 16, 47, 70, 87, 100, 106, 107, 
108 

— sleepers, 29, 101, 109 
Weeding, 69, 97, 98 
Welding np, 71, 102 

— rail joints, 18, 61, 62, 63, 124 
Wheel flanges, 11, 47, 48, 49, 126, 

136, 140, 144, 146, 147, 162, 163 


Wheel treads, 33, 46, 145 
Wing rads (crossing), 140, 145, 147, 
148, 162 

Wooden sleepers, 19, 20, 22 

— sleeper clamps, 23 

— sleepers, conditioning, 22, 24 

— sleepers, manufacture, 21 

— sleepers, preservation, 24 
“ Workmg ” of rad joints, 46 
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